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Utilization of various hydrocarbons by microbes is 
well known (Beerstecher, 1954), but little has been 
reported on the cellular composition of hydrocarbon- 
grown cells. No doubt it has been assumed that these 
cells differ little from those cultivated on nonhydro- 
carbon substrates and, in general, this assumption is 
probably true. But it is recognized that substrates and 
cultural conditions can influence not only extracellular 
products but also the composition of microbial cells. 

In the course of studying conditions for rapid utiliza- 
tion of hydrocarbons by microbes we have observed a 
marked increase in the lipid content of nocardia grown 
on liquid n-alkanes. This was noted particularly in 
the case of n-hexadecane and n-octadecane cultures. 
As much as 70 per cent of the cellular material formed 
from these substrates can be extracted with fat sol- 
vents. This lipid consists principally of glycerides and 
straight-chain waxes. In contrast, nocardial cells 
grown on n-hexane or n-tridecane contain about the 
same amount of lipid as glucose-grown cells, less than 
30 per cent, and no waxes. 

This paper describes the conditions used for culti- 
vating a soil-isolated nocardia on liquid n-alkanes; 
the conversion of n-alkane to gross cellular products; 
and some of the factors which influence growth and 
cellular lipid formation. 


EXPERIMENTAL METHODS AND RESULTS 
Soil Isolate 


The microbe employed was isolated with ethane 
enrichment using the soil plating procedure described 
previously by Davis et al. (1956). When grown on 
nutrient agar the microbe produces long filaments 
which fragment in about 6 to 8 hr to form bacillary 
cells about 1.5 by 3 yu. These become progressively 
more coccoidal. The cells are gram positive at all 
stages observed and are not acid-fast. When grown in 
a mineral salts medium with liquid n-alkanes, shorter 
filaments are formed which fragment into coccoidal 
rods 2 by 3 uw. These are also gram positive and are not 
acid-fast at any stage of growth. Pigmentation of 
growth is orange on both nutrient agar and hydro- 
carbon media. No aerial mycelium or sporulation has 
been observed. The microbe has been identified along 
With many other similar isolates as belonging to the 
genus Nocardia. 
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Cultural Procedures 


The nocardia ordinarily were grown in 4-L resin 
kettles equipped with stainless steel baffles, a stainless 
steel fritted sparger, and a motor driven impeller 
(figure 1). These are much like those described by 





Figure 1. Internal components of culture unit: (A) stainless 
steel baffles, (B) stainless steel fritted sparger, and (C) im- 
peller. 


Lakata (1954) for studies on enzyme production. The 
impeller shaft rotated within a graphite impregnated 
Bost-bronze bearing’ which was mounted in a neoprene 
plug fitted in the center opening of the kettle top. 
The units were temperature controlled by water baths 
at 30 C (figure 2). 

About 2 L of sterile mineral salts medium were 
added to each sterilized culture system. The following 
mineral salts in g per L of distilled water were employed 
unless otherwise stated: (NH4)2SO., 1.0; MgSO,-7H,0, 
0.2; FeSO,-7H20, 0.005; KH.POx,, 2.0; NasHPO,, 3.0; 
NaeCO;, 0.1; CaCl, 0.01; MnSO,, 0.002; and ashed 
yeast extract, 0.008. The initial amount of liquid 


1 Manufactured by the Keystone Co., Maryville, Pennsyl- 
vania. 
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n-alkane added to the system varied but was usually 
about 8 g, making the initial concentration about 0.4 
per cent. Additional alkane was added as it approached 
depletion in the system. 

Inoculum was grown at 30 C in mineral salts-alkane 
medium in 250-ml bottles on a Gyrotory Shaker.’ 
The bottles had indentations in the sides to act as 
baffles and contained about 0.1 per cent alkane in 50 
ml of medium. The inoculum added to the 4-L culture 
systems usually amounted to about 0.4 g, dry weight. 


Cell Yields 


The impellers were rotated at very high rates, as 
high as 1750 rpm. At this rate, for example, 8.3 g of 
nocardial cells were produced from 11.8 g of 
n-octadecane in 60 hr (70 per cent yield). At a rate of 
1150 rpm, 6.4 g of cells were produced from 8.0 g of 
octadecane in the same length of time (80 per cent 
yield). Capsular slime, which sloughed off the cells 
without any apparent impairment to them, was not 
included in these cell yields. The amount of slime 
which separated from the cells varied from culture to 
culture and was dependent on speed of agitation and 
possibly other factors. 

Figure 3 shows the yield of cellular material, in- 
cluding the slime polymer obtained from a pound of 
n-octadecane. The yield totals 95 per cent on a weight 
conversion basis and, of course, includes material 
produced in a series of culture systems. The highest 
actual dry weight quantity of cells produced in a 
single system containing 2 L of medium was 48.8 g 
from 57.0 g of n-octadecane in 4 days, an 85 per cent 
yield. This amounts to 24.4 g of cells (dry weight) 
per L of culture. 


2 Manufactured by the New Brunswick Scientific Co., New 
Brunswick, New Jersey. 





Figure 2. Culture units in operation. Impeller in one on left 
is turned at 1750 rpm; one on right at 1150 rpm. Note nocardial 
cells adsorbed on wall in right unit. 
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Analyses 


Following centrifugation to recover the nocardial 
cells, the culture liquor was tested for neutral and 
acidic distillable products using chromic acid treatment 
of the alkalized liquor distillate followed by titration 
of the acidified liquor steam distillate with standard 
0.05 n NaOH. These tests were essentially negative. 

Ethyl ether or n-hexane extracts of the cell-free 
culture liquor were nil. The small amount of uncon- 
sumed n-alkane that sometimes remained in the 
cultures adhered to the cells and was recovered during 
cell extraction. 

Chromic acid wet combustion of aliquots of the 
culture liquor indicated fairly large amounts of organic 
‘arbon in solution. This was due principally to the 
nocardial slime which was recovered from the culture 
liquor by precipitation with acetone. 

The nocardial cells were air dried and extracted for 
24 hr in a ball mill with chloroform-methanol (2:1); 
the extract was dried under Ne at reduced pressure. 
The presence or absence of residual alkane was de- 
termined by its chromatographic separation on an 
activated silica gel column. The alkane was eluted with 
n-heptane; the more polar material remained on the 
column. Using the method of Blair et al. (1953) the 
two principal lipid components, glycerides and waxes, 
were separated, based on their solubilities in acetone. 
The material insoluble in cold acetone contained the 
wax fraction; tests for phosphorus and nitrogen were 
essentially negative, indicating the absence of phos- 
phatides. 

The insoluble fraction was purified by reprecipitation 
upon cooling from hot acetone and analyzed with a 
modified Consolidated 21-103* mass spectrometer 
using the method of Meinschein and Kenny (1957). 
The grid form of Clere et al. (1955), in which the mass 
spectral peaks are arranged according to mass number, 
was employed. For example, an ion of the wax 
(CzsH¢g02) has the same mass number as the hydro- 

rarbon ion (C37Hey37-10)” or (C37H6s)” and would be 

3 Consolidated Engineering Corporation, Pasadena, Cali 
fornia. 


1 LB. N-ALKANE—» 0.7 LB. MICROBIAL CELLS +0.25 LB. POLYMER 





Figure 3. n-Octadecane used as substrate. Cultivation of 
cells carried out in culture units pictured in figure 2. 
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found opposite carbon number 37 in the appropriate 
column (—10 column) of the mass series grid. Ac- 
cording to this method the parent peak ion of an 
aliphatic wax, because the wax molecule has two 
oxygen atoms, is indicated as a hydrocarbon ion having 
three more carbon atoms (the mass of these ions being 
the same). Therefore, the parent peak ion of octadecyl 
palmitate (C34) appears as hydrocarbon ion (C37) 
and the acyl R or wax acid ion (Ci) of this wax appears 
as hydrocarbon ion (Cg) because the wax acid ion 
also contains two oxygen atoms (Meinschein and 
Kenny, 1957). The number of carbons in the alcohol 
moiety (alkyl R) of a wax is indicated by the difference 
in carbon number between the wax and the wax acid. 
In the above case, the alkyl R is indicated to have 18 
arbons. 

The acetone-soluble fraction of the cell lipid princi- 
pally contained glycerides. For example, this fraction 
from n-octadecane-grown cells was saponified and 
the glycerol determined by the method of Neish 
(1952). The recovered fat acids were titrated with 
alcoholic potassium hydroxide and the neutralization 
equivalent indicated fat acids consisting of 18 carbon 
atoms. The lead salts of these acids were extracted 
with ethyl ether; more than half were soluble, indi- 
cating unsaturated acids. The acetone-soluble lipid 
fraction of m-octadecane- and n-hexadecane-grown 
cells comprised about 60 per cent of the total cellular 
lipid. The wax fraction in each case comprised most 
of the other approximately 40 per cent. 

The lipid fractions of nocardial cells grown on 
n-hexane, n-tridecane, n-hexadecane, and n-octadecane 
were compared with those grown on glucose in mineral 
salts medium. Table 1 gives the results. The acetone- 
insoluble lipid fractions of cells grown on n-hexane 
and n-tridecane were liquid at room temperature and 
the latter was dark in color; whereas these fractions 
from n-hexadecane- and n-octadecane-grown cells were 


TABLE 1 


Acetone soluble and acetone insoluble fractions of nocardial 


Composition of Waxes in Acetone 
Insoluble Fraction 


Growth Cell | Acetone ye vg is el 
Substrate Lipid) Soluble blet 
ar AlkylR | Acyl R 
Glueose 28 100 0 No wax |\No wax,No wax 
n-Hexane 28 90 10 No wax No wax\No wax 
n-Tridecane 26 87 13 No wax |\No wax No wax 
n-Hexadecane 48 62 38 | Cao (14%) Cis Cis 
C32 (86%) Cis Cis 
n-Octadecane | 56 | 61 39 | C34 (20%) Cis Cis 
C35 (80%) Cis Cis 


—_—_ 


*Lipid extracted with chloroform-methanol, 2:1. 
tSoluble in boiling acetone; contains wax, if any. 
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white crystalline solids with melting points of 48.5 
and 51.0 C, respectively. 


Factors Affecting Cellular Growth 
and Lipid Formation 


Nitrogen sources. An investigation of nitrogen sources 
was initiated for two reasons. First, it was obvious 
that in some experiments the nitrogen source in the 
form of ammonium sulfate was being depleted, thus 
limiting growth. Secondly, the microbial utilization of 
the ammonium ion left the highly acidic sulfate ion in 
the medium, lowering the pH and necessitating fre- 
quent neutralization with alkali. 

Table 2 shows the effect of various nitrogen sources 
on the pH, cell yields, and lipid formed by the nocardia 
culture. It should be emphasized that rather slow 
growth occurs in bottles incubated on a mechanical 
shaker as compared with the rapidly agitated culture 
systems previously described. Residual n-octadecane 
was determined by silica gel chromatographic separa- 
tion from the cell lipid following extraction of the cells 
with chloroform-methanol (2:1). The culture liquor 
and culture bottles were washed with n-hexane to 
recover the residual n-octadecane not 
the cells. 

Urea appears to be the nitrogen source of choice if 
one is interested in utilization of substrate and main- 
tenance of pH neutrality (table 2). The effect of urea 
on lipid formation is of particular interest. The 0.3 
per cent urea system represents the highest concentra- 
tion of nitrogen employed and the lowest percentage 
of cell hpid. These data (table 2) are interpreted to 
indicate the adverse effects of a lowered pH in the 0.3 
per cent ammonium sulfate and nitrate systems, and 
of the limitation of nitrogen in the 0.1 per cent po- 


adsorbed to 


TABLE 2 
Effect of nitrogen sources on nocardial cell yields and lipid 
formation 





N in | n-Octa- Dried Conver- 


oe : . : nt Cell | Final 

Nitwamen Seance | Com | men | ‘Se | Sea eal oo 

QG mg meg q Q% 

(NH,)2SO, (0.1%) 21 606 | 445 | 74 | 72) 6.0 
(NH4)2SO, (0.3%) 21 293 224 83 43 | 5.0 
NH,NO; (0.3%) 35 293 207 70 46 5.0 
KNO; (0.1%) 14 394 252 64 70. ~8.0 
KNO; (0.3%) 14 795 530 67 65 8.1 
Urea (0.1%) 47 808 | 603 75 | 64/ 7.0 
Urea (0.3%) 47 772 | S22) 68 | 27573 
Asparagine (0.1%) 21 512 | 369 72 | 78! 6.9 
Asparagine (0.3%) 21 791 586 74 69 6.0 


* Substrate, 824 mg n-octadecane. 

+ Initial pH was buffered at neutrality with the 0.5 per 
cent phosphate salts in the regular mineral salts medium. 
Incubation, 144 hr at 30 C in 100 ml medium in 250-ml bottles 
agitated on a gyratory shaker. 
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tassium nitrate system on alkane utilization. As- 
paragine may have been utilized also as a carbon source, 
but if so, it obviously did not lower cell lipid production. 

Oxygen. Since no extracellular products other than 
carbon dioxide have been observed with nocardia 
growing on n-alkanes at atmospheric oxygen con- 
centration (~20 per cent), lower oxygen concentra- 
tions were tried. Limited oxygen might conceivably 
result in extracellular products caused by “incomplete” 
oxidation of n-octadecane. Nocardia were grown for 
24 hr on n-octadecane in air in the 4-L culture units 
and then grown an additional 24 hr at 20, 10, and 2 
per cent oxygen concentration, respectively. The 10 
and 2? per cent oxygen concentrations were adjusted by 
mixing tank oxygen with tank nitrogen under pressure 
and continually adding the mixtures to the culture 
units. Ordinary air was continued for the 20 per cent 
oxygen system. 

Cell recoveries and product analyses were performed 
as described above. No extracellular products (besides 
capsular slime) were indicated. Table 3 gives the 
results. Note that the percentage of lipid formed is 
not a direct function of oxygen concentration; that is, 
the intermediate concentration of oxygen, 10 per cent, 
resulted in the most lipid. Growth in the 2 per cent 
oxygen system was limited and the percentage of lipid 
formed was low, only 21 per cent. 

Hydrocarbon concentration. The ratio of liquid alkane 
to nocardial cells is important, especially in the early 
stages of growth. This was tested using a very large 
inoculum. To 2 L of mineral salts medium in a culture 
unit were added 24 g of n-octadecane and 1.2 g of 
nocardia (dry weight basis). The ratio of hydrocarbon 
to microbial cells was thus 20 to 1 on a weight basis. 
No growth occurred during an incubation period of 5 
days. 

In contrast, a similar 2-L system was treated as 
follows: the same amount of inoculum was used, but 
the n-octadecane was added in increments of 8 g 
initially, and at 24, 42, and 48 hr, respectively. Growth 
of the nocardia was profuse, a total of 13.8 g (dry 
weight) of cells being produced from about 18 g of 
utilized hydrocarbon. The initial ratio of hydrocarbon 
to nocardial cells in this case was about 7 to 1. 


TABLE 3 
Effect of oxygen concentration on n-alkane utilization, cell yields, 
and cellular lipid 





n-Octadecane 








Conv. , pe Cell 
O: ‘ Cells* into | Cell Lipid Lipid 
Added | Residual | Utilized - 
% g g g g % 8 % 
10.4 0.29 10.11 8.52 84 4.78 56 
10 10.4 0.36 10.04 6.61 66 4.76 73 
2 10.4 4.71 5.69 3.07 5&4 0.63 21 





* Dry weight. 
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Presumably in the system where the ratio was 20 
to 1 (no growth) the cells became embedded in the 
oil phase, out of sufficient contact with the required 
aqueous phase to allow growth. (The extraordinary 
affinity for oil of these nocardial cells can be observed 
microscopically, compared, for example, with pseudo- 
monas or yeast cultures.) Where the ratio of hydro- 
varbon to nocardial cells was only 7 to 1 there were 
enough cells in adequate contact with the aqueous 
phase to initiate growth and multiplication. 

The nocardia in the 20 to 1 ratio system were not 
killed, even though agitated in the culture unit for 5 
days. At the end of this time the viable count was 2.5 x 
10° “cells” per ml, determined by cultivation on 
nutrient agar. This count is quite low judging from 
the large inoculum, but actually large masses of cells, 
because of their occlusion and adsorption by the liquid 
alkane globules, were the foci of individual colonies. 


Gross Composition of Cells 


The large amount of lipid formed by the nocardia 
under certain conditions is, of course, correlated with 
the cellular protein and carbohydrate composition of 
the cells. Table 4 gives the approximate balance of 
lipid, protein, and carbohydrate of cells grown under 
various conditions. Protein was determined on the 
basis of Kjeldahl nitrogen determinations. 


Carbon Balance 


Efforts were made to account accurately for all the 
carbon utilized in the microbial oxidation of n-alkanes. 
Failure to obtain an accurate carbon balance was due 
principally to loss of carbon dioxide from the agitated 
culture units. Almost 90 per cent of the carbon oi 
utilized hydrocarbon was accounted for, as shown in 
table 5 for two nocardia growth systems. The two 
systems contained different nitrogen sources at 3 
level of 0.063 per cent available nitrogen: unit 1, am- 
monium sulfate and unit 2, urea. Despite a difference 
in the amount of octadecane utilized, the conversion 
of utilized carbon into cells was 60 per cent in each 
case and the conversion of utilized carbon into carbon 
dioxide was a measured 20 per cent in both cases. As 


TABLE 4 
Approximate balance of lipid, protein, and carbohydrate 











nocardia cells grown under various conditions 
Cellular Component 
Culture — . mers | 
Lipid Protein | Catboly: 
- <-._ | =. | o 

n-Octadecane, 10% Oc... 73.2 14.4 12.4 
n-Octadecane, 20% Oc. 56.0 20.8 23.2 
n-Hexane, 20% Oz... 28.0 46.1 26.0 


* Calculated by weight difference. 
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mentioned above, the discrepancy in carbon recovery 
is probably due to loss of carbon dioxide. An even 
greater discrepany was noted in earlier experiments, 
prior to improving the packing glands around the 
impeller shaft bearings of the culture units. It is as- 
sumed that a more nearly correct value for converted 
alkane carbon to 
30 per cent. 


‘xarbon dioxide is approximately 


The data bear out previous indications that oxida- 
tion of n-alkanes by this nocardia culture does not 
yield appreciable products other than cells (including 
capsular slime) and carbon dioxide. 


DISCUSSION 


Rapid growth of a soil isolate belonging to the genus 
Nocardia occurs at the expense of liquid n-alkanes 
such as octadecane when the culture medium is vio- 
lently agitated. The agitation performs a_ special 
function because of the water insolubility of the hydro- 
‘arbon; namely, that of increasing the surface of the 
oily substrate available to the microbial cells. Small 
globules of n-alkane are formed and maintained only 
by constant agitation. Microscopic inspection at 
progressive stages of growth indicates that the nocardial 
cells have a strong affinity for these globules. Nonfat 
stains such as crystal violet and rose bengal which have 
affinity for the cells indicate that they are adsorbed to, 
but not occluded in, the oil phase. 

A growth rate of 0.24 g cells (dry weight) per hr per L 
has been achieved. Factors besides agitation which are 
necessary to obtain growth rates of this magnitude 
include adequate available nitrogen and neutral pH. 
Surprisingly, oxygenation of the medium which spon- 
taneously occurs with agitation in the culture units 


TABLE 5 
Products recovered from n-octadecane cultures on the basis 
of carbon (approz.) 


Carbon Utilized and Recovered Unit 1 Unit 2 
g carbon 
n-Octadecane carbon utilized.......... | 43.2 | 57.0 
Products recovered (as carbon): 

Ce | 26.00 34.40 
Organic carbon in culture liquor*. . (| 3.29 3.51 
Volatile acids (as acetic acid)....... | 0.12 0.19 
Si: oo || cr | 8.81 11.65 
Total.... he eh clavaruse 2s ea 49.75 
co. 9 ee 88.5% 87.5% 


* Chromic acid wet combustion of cell-free culture liquor; 
carbon principally represented by polysaccharide slime which 
could be considered a cellular component. 

t Absorbed in alkali, precipitated and weighed as BaCO;; 
some carbon dioxide was very probably lost around impeller 
shaft bearing of culture units. Carbon dioxide-free air flow 
Was used to carry microbially produced carbon dioxide to 
alkali scrubbers. 


USE OF n-ALKANE AND LIPID FORMATION BY A NOCARDIA 33d 


(figure 2) was sufficient for maximum growth. No 
forced aeration was required, but a flow of air of 
approximately 150 ml per min in the 4-L culture units 
was used to maintain a positive pressure in the systems 
as a safety precaution against contamination. 

One per cent liquid n-alkane in the medium con- 
stitutes a large initial concentration which in the 
presence of small inocula is inhibitory to growth. 
However, incremental or even continual addition of 
hydrocarbon at a slow rate circumvents this inhibitory 
effect. 

The magnitude of the conversion of n-alkane into 
nocardial cells is depicted in figure 3. When cellular 
yields are considered purely on a weight basis, without 
regard to carbon values, yields are very high. As the 
hydrocarbon is converted into microbial cells and 
the water-soluble slime polymer, oxygen is incorporated, 
thus accounting for the high weight yield. 

The polymer produced in n-octadecane cultures 
appears to be a carbohydrate which is fairly resistant 
to acid hydrolysis. Following hydrolysis the solution 
gives a weak test for reducing sugar. The material, 
carefully separated from nocardial cells by filtration, 
was found to contain no nitrogen (Kjeldahl analysis). 
It has a high molecular weight since some of it can be 
centrifuged out of apparent solution at 35,000 x 4g. 
The polymer dissolves in water, can be precipitated 
out of solution witb acetone, then dried and readily 
redissolved in water. 

The wax components of nocardial cellular lipid are 
particularly interesting in view of the observations of 
Stewart et al. (1959) and Stewart and Kallio (1959) 
regarding the microbial formation of such waxes. 
They reported similar waxes to be in the cell-free 
liquor of cultures of a gram negative (soil isolate) 
coccus grown on n-octadecane, n-hexadecane, or 
n-tetradecane. They pointed out that the coccus did 
not exhibit fat globules at any stage of growth. How- 
ever, their data show that cell lysis was often very 
marked. They reported further that ‘the waxes pro- 
duced from alkanes by bacterial action do not accumu- 
late within the cells but appear to be excreted into the 
medium; thus, they do not seem to be storage products 
or integral parts of the bacterial cell structure” (Stew- 
art and Kallio, 1959). 

In contrast, the nocardia grown on n-alkanes pro- 
duced a remarkable amount of cellular lipid including 
ordinary fat. One of the major cellular lipid com- 
ponents of nocardial cells grown on n-hexadecane or 
n-octadecane consists of a true wax, 7.e., an ester of a 
long-chain fat acid and a_ long-chain  aleohol. 
n-Hexadecane yielded cetyl palmitate (Cy) as the 
principal wax and n-octadecane yielded principally 
octadecyl stearate (C35) (table 1). In each ease, the 
n-alkane was converted into significant quantities of a 
wax having double the number of carbons, and each 
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moiety of the long-chain ester had the same number of 
varbons as the original substrate. As Stewart and 
Kallio (1959) suggest, this indicates very strongly 
that the long-chain alkanes, n-hexadecane and n-octa- 
decane, were oxidized at a terminal carbon atom, 
producing acids and alcohols that were esterified to 
form the respective waxes. Some wax was formed in 
ach case which had two less than double the number of 
‘sarbons in the alkane; in each case, the two fewer 
varbons occurred in the acyl R (table 1). 

n-Tridecane was specifically tested to determine 
whether a wax with 26 carbons was formed in the 
lipid of nocardial cells. The Ci; n-alkane did not yield a 
measurable amount of such a wax, nor significant 
amounts of any long-chain ester (table 1). This is 
particularly interesting since the nocardia grew very 
readily on the odd-numbered carbon chain alkane. 

The data of table 1 indicate that the nocardia em- 
ployed does not ordinarily accumulate large quantities 
of wax in the cellular lipid. But given certain long- 
chain n-alkanes, the microbes will divert a significantly 
large amount of oxidized substrate into intracellular 
wax products. Why a Cis or a Cig alkane yields a 
long-chain ester (wax), but a C,; or Cs alkane does 
not may be explained by the fact that Cis and Cis 
fat acids are very common in lipid metabolism, e.g., 
palmitic (Cis), stearic (Cys), and oleic (Cis). Hence, an 
alkane substrate that would readily yield such products 
might be expected to yield more cellular lipid. 

The microbe obviously synthesizes a variety of 
compounds from n-alkanes including protein, carbo- 
hydrates, and fats. The most likely point to start 
obtaining energy and carbon for these syntheses is the 
terminal carbon of the n-alkane molecule, followed by 
B-oxidation of the carbon chain and utilization of the 
released energy and C, fragments for the biosynthetic 
reactions requisite to cellular growth. Baptist and 
Coon (1959) recently reported the bacterial enzymatic 
oxidation of radioactive octane to octanoie acid; and 
Leadbetter and Foster (1959) reported the bacterial 
oxidation of ethane to acetic acid. Webley et al. (1956) 
have good evidence for 8-oxidation by nocardia of 
alkyl substituents of cyclic hydrocarbons; and Thijsse 
and Van Der Linden (1958) presented data supporting 
the proposition that alkane oxidation proceeds by 
oxidation of a terminal methyl group, leading to cor- 
responding alcohols, aldehydes, and fatty acids, as 
indicated by multiple adaptation studies employing a 
pseudomonas. Their data further support the 6-oxida- 
tion mechanism as a means of oxidizing intermediate 
fat acids. 

The data presented here are consistent with these 
views. The rapid utilization of n-alkanes such as 
n-hexadecane and n-octadecane presumably results in 
a pile-up of terminally oxidized intermediates which 
esterify as waxes as a diversionary process to further 
oxidation. The function of the waxes other than as 
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cellular storage products is unknown, but they are 
probably not the common intermediates of n-alkane 
oxidation. 

SUMMARY 

The rapid utilization of liquid n-alkanes such as 
n-octadecane by a soil isolate of the genus Nocardia 
is described. Under optimal conditions a 95 per cent 
conversion of alkane into nocardial cells and a slime 
polymer was obtained. 

The nocardial cells cultivated on n-hexadecane or 
n-octadecane contained a large amount of lipid, con- 
sisting of about 60 per cent glycerides and 40 per cent 
waxes. No waxes were formed by cells grown on 
n-tridecane, n-hexane, or glucose. 

Factors which influenced growth and lipid forma- 


tion were nitrogen compounds, oxygen concentration, * 


and hydrocarbon concentration. 

The microbial oxidation of n-alkanes and its rela- 
tion to cellular biosyntheses, including the cellular 
lipid waxes, are discussed. 
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Changes in milk proteins effected by bacterial action 
are important in various aspects of the ripening of 
cheese and the proteolytic spoilage of dairy products 
in refrigerated storage. Paper electrophoresis has 
afforded a new method for the study of protein systems 
such as those in milk (MacRae and Baker, 1958; and 
Weigt, 1959), including the detection of certain 
changes occurring in such systems. This method has 
been used to study changes in casein during tbe ripen- 
ing of various cheeses (Lindquist et al., 1953; and 
Storgards and Lindquist, 1953) and changes in the 
whey protein of milk from cows with acute mastitis 
(Lecce and Legates, 1959). A discussion of the general 
application of the method to dairy science is available 
(Holdsworth, 1956a and 1956b). The present study 
was made to determine what changes, if any, occur in 
the paper electrophoretic patterns of casein and whey 
proteins as a result of the growth of some common 
dairy psychrophiles in refrigerated skim milk. 


MATERIALS AND METHODS 


Bacterial cultures and sample inocula. The species 
used in these studies were Pseudomonas fragi strain 
No. ATCC 4973,! Pseudomonas fluorescens strain No. 
ATCC 11251,! and Pseudomonas putrefaciens.2 Cul- 
ture maintenance and sample inocula preparations 
were carried out as previously described by Overcast 
and Skean (1959). 

Milk samples. All milk samples were mixed herd 
milk obtained from the university creamery. The 
milk was commercially separated and pasteurized by 
the holding method. Within 5 min after the end of the 
30-min hold period, duplicate samples of approximately 
1500 ml were aseptically transferred to closed, sterile 
2-L Erlenmeyer flasks held in an ice bath. When cooled 
to near ice bath temperature, one sample received 
a 0.5 to 1 per cent inoculation of a pure culture and 
the other was held as the control sample. The samples 
Were subsequently stored at 3 to 5 C for a period of 
42 days. 

‘Obtained from the American Type Culture Collection, 
Washington, D. C. 

2 Maintained in the culture collection of the University of 


Tennessee Dairy Microbiology Laboratory, Knoxville, Ten- 
nessee. 
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Sample examinations. The trial samples of skim 
milk were examined on the day of inoculation and at 
14-day intervals thereafter throughout the storage 
period. The examinations included enumeration of 
bacterial populations, organoleptic evaluation, and 
electrophoretic separation of the casein and whey 
protein fractions. All examinations were made on sub- 
samples aseptically transferred from the trial samples 
to suitable, sterile glass containers. 

Bacterial counts. Both total and psychrophilic counts 
were made according to recommended procedures 
(American Public Health Association, 1953) except that 
a gelatin-phosphate dilution medium of Naylor and 
Smith (1946) was substituted for the phosphate buffer 
normally used. All plating was done with milk-protein 
hydrolyzate (M-PH) agar. Total count plates were 
incubated 48 + 3 hr at 32 C, and psychrophilic count 
plates were incubated 7 days at 5 C. 

Organoleptic evaluations. The organoleptic evalu- 
ations were made by an experienced judge of dairy 
products. The flavor of the sample was criticized with 
no attempt being made to assign a numerical score. 

Electrophoretic separation. The proteins were ob- 
tained for electrophoretic separation by precipitating 
the casein at pH 4.6 with the dropwise addition of 
42.5 per cent lactic acid to 200 ml of milk under vigorous 
agitation. The precipitate and whey were separated by ¢ 
30-min centrifugation followed by decantation of the 
whey. The centrifugations were made at 2500 rpm using 
250-ml bottles on a head 7 in. in diameter. The re- 
covered precipitate was washed twice by resuspension 
in 50 ml of distilled water at 5 to 10 C, followed by 
vacuum filtration through Whatman No. 1! paper. 
The washed casein was resuspended in a minimum 
quantity of distilled water, then freeze-dried and 
pulverized by mortar and pestle. This treatment 
yielded a fine, white powder containing approximately 
14 per cent nitrogen. The decanted whey was passed 
through a Seitz filter. A 150-ml quantity was then 
placed in a cellophane dialyzer bag and dialyzed 44 hr 
at 4 to 6 C against 6 L of distilled water which was 
refreshed three times at 12-hr intervals. A 100-ml 
quantity of the dialyzed whey was freeze-dried to yield 
a material containing approximately 12 


per cent 
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nitrogen. All nitrogen contents were determined by a 
micro-Kjeldahl method (Association of Official Agri- 
cultural Chemists, 1950). 

The proteins were prepared for electrophoresis by 
resuspending the dried material in a suitable buffer at a 
concentration of 1 per cent protein nitrogen. A borate 
buffer was used with casein, and a barbital buffer was 
used with the whey proteins. The borate buffer was of 
pH 11.5 and contained 4.0 g of sodium hydroxide and 
4.96 g of boric acid per L. The barbital buffer was of 
pH 8.6 and contained 3.7 g of barbital and 20.5 g of 
sodium barbital per L. The buffers were made up in 
distilled water at room temperature. Each buffer had 
a calculated ionic strength of 0.1. The composition 
of the buffer used in the electrophoretic cell was the 
same as that used to resuspend the protein being 
separated. 

The electrophoretic separations and characteristic 
curves of the proteins were obtained with a Spinco 
Model? RB Paper Electrophoresis System, with the 
exception of the strips which were scanned with a 
Model R Analytrol.* The cell was operated in a cold 
room controlled at 4 to 6 C. A 0.01-ml quantity of a 
protein suspension from the control and the inoculated 
sample was applied to each of four strips. The electro- 
phoretie run was continued for 16 hr. Constant voltage 
was applied to the strips. Casein was separated at 140 v 
with a current of 5.5 to 7 ma. Whey proteins were 
separated at 200 v and 6.5 to 9 ma. The strips were 
prepared for scanning by a modified Spinco procedure 
for blood serum analysis (Spinco Division, /nstruction 
Manual*). The sequence of preparation included: (a) 
30-min drying at 120 to 130 C, (b) two 15-min prerinses 
in methanol, (c) immersion for 1 hr in a 0.1 per cent 
solution of bromphenol blue in methanol, (d) three 


3 Spinco Division, Beckman Instruments, Inc., Belmont 
California. 

4 Model R Paper Electrophoresis System Instruction Manual 
RIM-5. Spinco Division, Beckman Instruments, Inc., Palo 
Alto, California. 
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successive 5-min rinses in 5 per cent aqueous acetic 
acid, (e) gentle blotting between clean sheets of blotting 
paper, (f) 10-min drying at 120 to 130 C, and (g) 
15-min exposure to an ammonia saturated atmosphere, 
The separated protein fractions were not identified, 
However, as the characteristic patterns obtained were 
similar to those previously reported (Larson and 
Rolleri, 1955; Leece and Legates, 1959; MacRae and 
Baker, 1958; and Weigt, 1959), the nomenclature of 
Jenness et al. (1956) appears applicable. 


RESULTS AND DISCUSSION 


The pure cultures studied increased in numbers 
throughout the storage period. A comparison of both 
counts (table 1) on the inoculated samples shows that 
the psychrophilice count always exceeded the total 
count with P. fragi and P. putrefaciens, but with P. 


fluorescens the reverse was true. 


A cooked flavor prevailed in the control samples 
throughout the storage period. All inoculated samples 
developed a bitter flavor during the storage period. 
The bitterness varied in intensity and in the time 
required for its development. With P. fragi and P. 


fluorescens bitterness was easily detected on the 28th 


day of storage. Extreme bitterness was produced by 
P.. putrefaciens by the 14th day of storage. All inoculated 
samples were extremely bitter when examined on the 
last day of storage. Bitterness was the only off-flavor 
detected with P. putrefaciens. However, with P. fragi 
a rancid and /or fruity flavor preceded the development 
of bitterness. Only a fruity flavor preceded the de- 
velopment of bitterness with P. fluorescens. Along with 
the development of bitterness, protein flocculation had 
occurred by the end of the storage period in samples 
inoculated with P. putrefaciens. 

Paper electrophoretic separation of the casein and 
whey proteins into their constituent fractions showed 
that during the storage period both protein patterns 
from the inoculated samples were altered from those of 


TABLE 1 


Total plate counts (TPC) 


0 Dayst 
Culture Sample : 
TPC PPC 
Pseudomonas fragi Cc 280.0 <10.0 
I 150.0 Tt 420.0 T 
Pseudomonas fluorescens Cc 200.0 <10.0 
I 43.0 T 29.0 T 
Pseudomonas putrefaciens C 75.0 <10.0 
I 4.5 T 20.0 T 


* Milk was stored at 3 to 5 C 
trials per culture. 

+ Within 1 hr after incubation. 

~T = thousands. 

§ M = millions. 


220.0 


and psychrophilic plate counts (PPC) on control (C) and inoculated (I) samples of skim milk* 


14 Days 28 Days 42 Days 
TPC PPC TPC PPC TPC PPC 
; plate ial 
<10.0 §.2 T <10.0 11.0:T <10.0 
6.3 M§ 190.0M 14.0 M 350.0 M 71.0M 850.0 M 
360.0 <10.0 Lat) <108 110.0 T 20.0 T 
15.0 M 9.4M | 320.0M 79.0 M | 140.0M 95.0 M 
70.0 <10.0 Lax <10.0 2.3 T <10.0 
20.0 T 2.8M 2.5M 9.8M 10.0 M 44.0M 


and examined at 14-day intervals during a 42-day period. Each count stated is an average of tw 
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the control samples. Typical changes are shown in 
figures | and 2. The prominent change in casein was a 
decrease in fraction 2 and in the whey proteins a 
decrease in fraction 4. These two changes occurred 
with each of the three organisms studied. However, 
other changes occurred that appeared peculiar to a 
particular organism. 

Atypical fractions appeared in the patterns of whey 
proteins (figure 2) from milk inoculated with P. fragi 
and P. putrefaciens. The atypical fraction, which 
migrated toward the cathode (designated as fraction A 
in figure 2), was evident with P. fragi on the 42nd 
day of storage. The atypical fraction with P. putrefaciens 
migrated toward the anode (designated as fraction B 
in figure 2), and was present on the 14th, 28th and 
42nd days of storage. The appearance of these atypical 
fractions does not justify the assumption that they 
resulted solely from bacterial action. The appearance 
of a fraction located in the relative position of atypical 
fraction B observed in this study has been reported 
previously (Larson and Rolleri, 1955; and Lecce and 
Legates, 1959). The opposing electrophoretic migration 
tendencies of the two atypical fractions observed 
indicate that they are of widely different composition. 
Proteins or peptides composed primarily of basic 
amino acids would be expected to migrate toward the 
‘athode while those composed primarily of acidic 
amino acids would be expected to migrate toward the 
anode (Storgards and Lindquist, 1953). 

The sharp peak representing fraction 1 in the casein 
patterns (figure 1) from the inoculated samples is 
similar to that obtained by other workers in a study 
of the ripening process of various cheeses (Lindquist 
et al., 1953). This peak appears only at the point of 
sample application and its presence seems to be directly 
related to bacterial action on the casein. Apparently 
the bacterial action causes a greater amount of the 
protein in the sample to be adsorbed or bound to the 
paper strip at the point of application. This is evident 
on the strips shown in figure 1. 

The most rapid changes in the protein patterns were 
effected by P. putrefaciens. With this culture the 
casein pattern obtained after 14 days of storage ap- 
parently was no different from that obtained after 42 
days, indicating relatively rapid degradation of casein 
by that organism. The pattern for the whey proteins 
was altered less rapidly but continued to show change 
on the 28th and 42nd days of storage. 

The degradation of specific fractions in a protein 
system implies a reduction in the total protein of the 
system. A reduction in the amount of total protein was 
not always indicated by the method used in this study 
because all samples were standardized at 1 per cent 
protein nitrogen content before the constituent frac- 
tions were electrophoretically separated. However, 
with P. putrefaciens a reduction in total amount of 
Whey proteins was indicated despite sample standardi- 
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Figure 1. Paper electrophoretic strips and corresponding 
characteristic patterns of casein from high quality (normal) 
pasteurized skim milk and similar skim milk inoculated with 
Pseudomonas fragi, Pseudomonas fluorescens, and Pseudomonas 
putrefaciens after 42 days of storage at 3 to 5 C. 
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Figure 2. Paper electrophoretic strips and corresponding 
characteristic patterns of the whey proteins from high quality 
(normal) pasteurized skim milk and similar skim milk inoeu- 
ated with Pseudomonas fragi, Pseudomonas fluorescens, and 


Pseudomonas putrefaciens after 42 days of storage at 3 to 5 C. 
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zation. This is shown in figure 2 by the difference in 
the total area enclosed within the characteristic curve 
of the whey proteins from normal (control) milk and 
that inoculated with P. putrefaciens. One explanation 
for this may be that not all the nitrogen recovered in 
freeze-dried whey from milk inoculated with P. putre- 
faciens represented protein with the dye-binding ca- 
pacity necessary for paper electrophoretic analysis. 
This would be particularly true if the protein degrada- 
tion had proceeded to the amino acid stage. 


SUMMARY 


Samples of high quality pasteurized skim milk were 
inoculated with pure cultures of Pseudomonas fragi, 
Pseudomonas fluorescens, and Pseudomonas putrefaciens 
and stored 42 days at 3 to 5 C. On the day inoculated 
and at 14-day intervals thereafter the samples were 
examined for total bacterial count, psychrophilic bac- 
terial count, organoleptic quality, and changes in the 
paper electrophoretic pattern of casein and whey 
proteins. The bacterial counts increased throughout 
the storage period. With P. fragi and P. putrefaciens 
the psychrophilic count always exceeded the total 
count, whereas with P. fluorescens the reverse held 
true. Each of the cultures produced a bitter flavor 
by the end of the storage period. Changes occurring 
in the paper electrophoretic protein patterns indicated: 
(a) changes in the relative amounts of the contained 
protein fractions, (b) decreases in total protein con- 
tent, and (c) the appearance of electrophoretically 
different. fractions. 
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Many microorganisms, when propagated in the 
laboratory by periodic serial transfer, tend to undergo 
change in certain of their biochemical properties, in 
their reproductive capacity, and in some of their 
phenotypic characteristics. Those who work with 
industrially important microorganisms are particularly 
cognizant of this problem and seek reliable methods 
for stabilizing the valuable attributes of their cultures. 

Members of the genus Streptomyces are especially 
subject to certain detrimental changes brought about 
through lengthy laboratory cultivation on artificial 
media, and various methods are in common usage for 
minimizing such changes. Of the techniques employed, 
those which most stringently subdue metabolic ac- 
tivity appear to preserve most effectively the original 
properties of organisms. Storage of stock cultures in 
soil or under mineral oil, or preservation by lyophiliza- 
tion are all valuable methods of long standing. More 
recently, techniques for storage of cultures at sub- 
freezing temperatures seem to offer equally important 
alternative means for long-term culture maintenance. 

Carmichael (1956) employed the deep-freeze (—20 
C) method for the storage of some 400 stock cultures 
of higher fungi and found that viability was generally 
well maintained over a period of 9 months. In a more 
recent report (Carmichael, 1958) it was indicated that 
this same group of organisms had shown remarkable 
viability after 2 years. As a result of Carmichael’s 
(1956) encouraging preliminary results, an experiment 
was initiated in our laboratory to study the possible use 
of his method for the maintenance of Streptomyces 
cultures. 

EXPERIMENTAL METHODS 


The Carmichael procedure was adopted in general 
outlines with only minor modifications. The cultivation 
medium used was a yeast-malt agar (yeast extract, 4 
g; malt extract, 10 g; glucose 4 g; agar 20 g; HO 
(distilled), 1000 ml; pH adjusted with NaOH to 7.0 
before sterilization; autoclave at 15 lb for not longer 
than 15 min). The organisms were grown on agar 
slants in 16 by 75-mm screweap culture tubes at 28 C 
for 14 days, after which they were placed in racks in a 
deep-freeze unit at —22 C and were allowed to freeze 
at their own rate. This temperature was rigidly main- 
tained over the entire storage period, since it is probable 
that freezing and thawing affects longevity of the 
cultures. 

To reactivate a dormant stock, the surface of the 
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frozen slant culture was scraped with a stiff inoculating 
needle, and a bit of the frosty aerial growth was trans- 
ferred to a fresh medium for incubation. For reviving 
only a single organism, no special precautions were 
needed to prevent thawing of the frozen slants, pro- 
vided one worked rapidly during the transferring 
process; however, when several stocks were involved, 
and when it was necessary to keep the cultures out of 
the deep-freeze unit for more than a few minutes, they 
were placed in an improvised Dry Ice chest to main- 
tain their frozen state. 


RESULTS AND DISCUSSION 


A collection of approximately 400 Streptomyces 
cultures, including members of some 135 described 
species, has been studied in the present experiment. 
About 250 of these organisms were maintained in 
frozen storage for a 3-year period; 50 from 2 to 3 years; 
50 from 1 to 2 years; and 50 for 1 year or less. The 
organisms ranged from those producing heavy sporula- 
tion to asporogenous strains. 

In annual viability checks made on each of the cul- 
tures, a very high rate of survival was observed. Only 
two organisms, or about 0.8 per cent of those stored 
for 3 years, failed to survive. Even they had remained 
viable for at least 2 years. All those stored for lesser 
periods have retained their viability. 

Particularly impressive has been the facility and 
rate at which organisms can be reconstituted from the 
frozen state. In comparing subcultures made from 
frozen stocks and from cultures stored at 4 C, it was 
evident that both were about equal in the time it took 
for new growth to appear and in the rate of subsequent 
development. Likewise, so far as could be ascertained, 
no appreciable differences were present in the final 
amounts of growth, degree of sporulation, pigmenta- 
tion, or other cultural or morphological aspects. The 
stability of these properties is not particularly difficult 
to determine; however, to evaluate the constancy of 
their biochemical activities would represent a much 
more ponderous undertaking. Therefore, we limited our 
efforts to a study of the effect of frozen storage on only 
the antibiotic-producing capacity of a selected portion 
of the organisms. Sixteen Streptomyces were chosen for 
this determination, all of which had been stored by the 
Carmichael technique and also by the sterile mineral oil 
method. The organisms were all of different species and 
produced a variety of antibiotics including antifungals 
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TABLE 1 
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A comparison of antibiotic activity of Streptomyces cultures 
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TABLE 1—Continued 
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Inhibition Zones* for Assay Organism No.:t 


Cultures ai = 
4 14 16 17 23 28 32 41 46 

AE-427 

O.D. 110.9 

M.0.C. 11.2 

F.C. 10.2 
AR-429 | 

O.D... 8.2 | 8.8 

M.O.C.. TA 7.0 

F.C. 10.0 10.0 


* Radius of zone in mm, measured from edge of assay cyl- 
inder to perimeter of zone. 

+ Assay organisms: 4, Bacillus cereus; 14, Staphylococcus 
aureus strain ATTC 6538P; 16, Hormodendrum cladosporioides; 
17, Bacillus subtilis; 23, Mycobacterium smegmatis; 28, Kleb- 
stella pneumoniae; 32, Candida albicans; 41, Streptococcus 
pyogenes; 46, Corynebacterium xerosis strain NRRL B-1397. 


tO.D. = original data. 
§ M.O.C. = mineral oil cultures. 


{ F.C. = frozen cultures. 
Data unavailable. 


and antibacterials of both broad and narrow spectra. 
Fermentations were conducted on the same liquid me- 
dia employed when the cultures were originally screened 
for antibiotic properties. After 3-day fermentations at 
28 C, the liquors were assayed by the cup-plate agar 
diffusion method using several bacterial and fungal test 
organisms. Parallel samples from cultures stored by the 
two methods were assayed on the same plate with each 
test organism to minimize errors from procedural varia- 
tions. 

Antibiosis was measured after 18 months of storage 
and again after 2 years. The values obtained at the 2- 
year interval were in turn compared with the original 
antibiotic screening data (table 1). Parallel cultures 
stored by the two methods produced results that were 
generally similar and did not differ appreciably from 
the original screening figures. Although there were some 
minor differences observed in the data between the 18- 
month and the 2-year studies, it must be appreciated 
that certain variations are inherent in antimicrobial 
assays of this type, and the deviations noted here were 
not of sufficient amplitude to be considered outside the 
realm of normality. Hence, on the basis of this experi- 
ment it appears that frozen storage satisfactorily stabi- 
lizes the antibiotic-producing capacity of Streptomyces 
cultures; however, no superiority in this regard was 
demonstrated over the sterile mineral oil seal preserva- 
tion technique. 

In our experience, we have found that freezing Strep- 
tomyces stocks offers certain advantages over some other 
maintenance methods. The ease with which stocks can 
be prepared is outstandingly greater than with the 
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lyophil process, with soil stocks, or the sterile mineral 
oil method, and yet the advantage of storage under 
deep metabolic repression is enjoyed. Also, a relatively 
large collection of organisms can be stored in a small 
space without the problem of drying or contamination 
if small sereweap tubes or vials are employed. 

Experiments are now in progress which indicate that 
deep-freeze storage of true bacteria by the same Car- 
michael method may also be useful. In view of the great 
range of microorganisms which can be successfully 
maintained by this method, and the general availability 
of equipment of various capacities, we feel that deep- 
frozen storage offers a useful addition to the existing 
armamentarium of culture preservation methods. 

SUMMARY 

A collection of about 400 Streptomyces cultures, in- 

cluding members of some 135 described species, has 


been stored in deep freeze (— 22 C) as an auxiliary long- 
term maintenance method. About 60 per cent of these 
were frozen for more than 3 years, the remainder for 
varying periods up to 3 years. 

In annual checks, viability was observed to be excep- 
tionally good, and, so far as could be ascertained, none 
of the original cultural or morphological features had 
undergone modification. 

Antibiotic-producing capacity of 16 cultures was 
found to be essentially unchanged after 2 years’ storage. 
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The current trend in selling fresh vegetables which are 
washed and packaged ready for use, has served to re- 
emphasize the problems associated with food preserva- 
tion procedures which do not result in a sterile product. 
Moreover, the handling processes involved in this man- 
ner of packaging raw vegetables for the consumer have 
altered microbial populations both in character and 
number. A re-evaluation of the kinds of microorganisms 
associated with such products is required, as well as 
investigation of more effective methods to inhibit or 
destroy the organisms initially present and those intro- 
duced by the changed method of processing. 

The microbial population of fresh vegetables reflects 
the locale of origin (Douglas, 1930) and, except for the 
inadvertent circumstances of pathology, the organisms 
are usually those associated with air, soil, water, sewage, 
and the animal populations in the area. This contami- 
nation of vegetables is largely a surface phenomenon 
since the number of microorganisms found within fresh 
plant tissues is relatively small in disease-free specimens 
(James, 1925). Frazier (1958) showed that although the 
natural surface flora of plants will vary with the plant, 
certain microbes are common to all, including members 


1 Study supported by grant from Chas. Pfizer & Co., Inc., 
Brooklyn, New York. 


of the Alcaligenes, Flavobacterium, Achromobacter, Mi- 
crococcus, coliform, and lactic acid groups. 

In general, great fluctuation in microbial numbers is 
found in counts made on samples taken from the sur- 
face of fresh whole vegetables (Mills et al., 1925). In 
packaged cut salad vegetables the variation in total 
numbers per unit weight is considerably greater and is 
probably the direct result of the processing which in- 
volves sorting, washing or spraying, draining, cutting, 
and filling. This manipulation, in addition to supple- 
menting the initial bacterial flora with those associated 
with the equipment and handlers, serves to distribute 
the bacteria through the plant tissue. Moreover, the 
finished product now presents a greater surface for 
growth with an increased moisture content (conducive 
to better proliferation of microbes), as well as damaged 
tissue which functions as an excellent substrate for 
their support. 

Since the storage life of foodstuffs depends, among 
other factors, on a low initial level of microbial popula- 
tions, an agent which reduces the numbers present may 
increase shelf life. If, in addition to reducing total 
counts, the agent also can suppress the growth of a wide 
range of bacterial types, it can be effectively utilized as 
a sanitizing agent (7.e., as a preservative which, from 
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the point of view of public health, will yield a more 
healthful product). In this study a commercially packed 
salad mix was screened to obtain an accurate census of 
the microbial types usually found. Organisms recovered 
were tested for sensitivity to oxytetracycline, Bio- 
stat®? citric acid, and tartaric acid, using turbidi- 
metric and disc methods. These compounds, in varying 
concentrations, were used as dipping solutions for the 
salad mix to determine their effectiveness in reducing 
initial populations and suppressing growth. 


MATERIALS AND METHODS 


Packaged salad greens were obtained both from local 
vendors and from a processing plant, and screened to 
establish the types and number of microorganisms pres- 
ent. Packed in ventilated plastic bags the salad mix 
contained celery, chicory, escarole, cabbage (red and 
white), red radish, celery cabbage, parsley, and carrot. 

From preliminary studies, in which selective media 
were used for a wide variety of water and soil organisms, 
it was determined that nutrient agar at a pH of 6.8 
would serve as a suitable medium for quantitative 
studies of the microbial populations of freshly cut salad 
greens since it would adequately support all the types 
commonly encountered. In the screening experiments, 
weighed samples were transferred aseptically to jars 
containing measured amounts of sterile water, and the 
suspended vegetables were shaken thoroughly (using a 
standard shaking procedure) to free microbes from the 
sample. This wash water was used for serial dilutions. 

The organisms isolated from the mixed salad greens 
were identified as to genus. The bacterial isolates from 
the salad mix preparations also were screened in vitro 
to determine the inhibitory effects of oxytetracycline, 
Biostat, citric acid, and tartaric acid. Turbidimetric and 
disc methods were used to test for sensitivity. 

Bacterial counts of the test samples (dry) were made 
as soon as possible after purchase. (Commercially pack- 
aged cut vegetables are spun dried and for purposes of 
comparison are referred to as dry samples in this paper.) 
Then the samples were divided, one portion rinsed in 
tap water and serving as a control, and the other 
treated; these samples were cultured again immediately. 
On the basis of the sensitivity of the organisms, oxy- 
tetracycline (50 ppm), Biostat (50 ppm oxytetracy- 
cline), and citric acid (500 ppm) were used as dipping 
solutions to treat the cut greens. Samples were dipped 
and shaken in a vegetable basket to remove excess 
moisture. 

The samples were repacked in sterile containers of 
the same type as originally used and stored at the com- 
mercial temperature (usually 10 C). These samples 
were cultured on successive days for 1 week and ex- 
amined for changes, using total microbial numbers 


2 Biostat~ contains 20 per cent oxytetracycline. Chas. 
Pfizer & Co., Inc., Brooklyn, New York. 
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per unit weight, physical appearance, and odor as 
criteria. 

Since the greens are perishable and none of the treat- 
ments was expected to result in sterility, a treatment 
was considered effective when it decreased the original 
count and increased the delay in growth of the residual 
population beyond 48 hr. The shelf life of these greens 
is not expected to be more than 7 days under refrigera- 
tion, and a 48-hr delay in microbial activity is signifi- 
cant. 


RESULTS 


The number of bacteria per gram of salad mix sam- 
ples varied greatly. Bacterial populations ranged from 
11 to 170 million per gram of spun-dried vegetable. 
Samples obtained at the packaging plant showed only 
minor variations in total count and the counts were 
significantly lower. Samples taken at the time of de- 
livery to the retailer were consistently higher in bae- 
terial count than fresh packaged material. 

The microbial flora of packaged salad mix prepara- 
tions were fairly uniform in character. Although molds, 
yeast, and Actinomycetes were recovered, they repre- 
sented only about 1 per cent of the total population. 
The remaining 99 per cent was of bacterial origin and 
included the following genera: Acetobacter, Aerobacter, 
Bacillus, Bacterium, Chromobacterium, Escherichia, Fla- 
vobacterium, Micrococcus, Pseudomonas, Rhizobium, and 
Serratia. 

Gram negative rods of Pseudomonas and Bacterium 
were the predominant bacteria. Although they could 
not be conclusively identified, a number of other organ- 
isms which occurred consistently in the salad mix sam- 
ples are included in the sensitivity results (table 1). 

In a preliminary test with Biostat a dramatic reduc- 
tion in bacterial count was found (table 2). Since the 
antimicrobial action of oxytetracycline (the active in- 
gredient in Biostat) is bacteriostatic, this significant 
decrease in total count was studied for a possible deter- 
gent action associated with the pH or with the solubil- 
izing agent in Biostat, citric acid. Successive tests in- 
cluded a dipping solution of tap water buffered to pH 
5.0. 

Salad mix samples were dipped in tap water, acidified 
tap water, and in solutions containing 50 ppm oxy- 
tetracycline, Biostat (50 ppm oxytetracycline), and 
500 ppm citric acid. All solutions were buffered at pH 
5.0. Table 3 presents bacterial counts immediately 
after treatment and after storage intervals of 24 and 
72 hr. 

An acidified water dip treatment substantially re- 
duced the initial bacterial count. However, citric acid, 
in addition to reducing the bacterial count directly 
after treatment, continued to suppress bacterial growth 
up to 72 hr. Oxytetracycline and Biostat were far su- 
perior to all treatments because of the bacteriostatic 
activity of the antibiotic residue. 
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To verify the holding action of citric acid and to 
determine the critical concentration at which the in- 
hibition of bacterial action or destruction occurs, a 
representative group of the vegetable isolates was ex- 
posed to various dilutions of the acid (table 4). After 


TABLE 1 
Sensitivity of isolates from fresh salad vegetables to 
oxytetracycline, citric acid, and tartaric acid 
Zone of Inhibition (mm)* 
Microorganism | | Steet Ant “oe Tartaric Acid/ 
croorg Oxytetra- Citric Acid/Disc Disc 
cycline: | 
30 ug/Disc 
| | 30 ug) 83 ug 166 wg | 83 ug) 166 wg 


Acetobacter , 15 |1 18.6! 8 |10| 14 


Aerobacter ‘ 12 6 10 
Bacterium I 11 2 9 7 8 8 
Bacillus S 10 1 9 8 13 15 
Bacillus M 14 2) 9 1] 13 16 
Bacillus N 11 2 9 9 16 16 
Bacillus MM 14 4 9 9 15 | 19 
Bacillus T 15 
Chromobacterium : 16 2 6 (5 6 14 
Escherichia 9 9 12 
Flavobacterium I 5 3 3 4 7 14 
Micrococcus W Se 16 8 | 13 14 16 18 
Micrococcus Y , 14 | 5 6 5 |10;| 14 
Pseudomonas 1 > {| bk pao 9 12 13 
Pseudomonas 2 7 1 5 6 7 12 
Pseudomonas 3 6 5 1 1 6 8 
Pseudomonas 4 7 2 2 1 8 11 
Pseudomonas 5 5 1 4 3 | 9 11 
Rhizobium. 5 1 3 Y! 11 
Serratia. ' 1 8 9 
Pseudomonas 8 : 6 2 3 9 11 
Pseudomonas 9 § 1 6 9 
Pseudomonas 6 ap 11 1 2 8 1] 
Pseudomonas 10 4 7 1 4 6 10 11 
Gram negative rod 12 9 
Gram negative rod..... 10 | 11 12 
Bacterium 2... asus | 3 8 9 113) 15 
Bacterium 3 pened 12 2 | is 12 14 15 
Bacterium 4 8 10; 11 16} 17 
Flavobacterium II 7 a! <3 8| 13 
Gram negative rod (pale 

yellow). 11 | 9| 14 
Bacterium 6 cate So | 2 (10) 14 16 
Gram positive rod (coral).| 11 | 2 | 12] 12 | 13] 14 
Gram negative rod 

(white) 7 ') 16] 18 | 16] 18 
Gram negative rod 

(white) 4 6 5 Si i 
Gram negative rod (pale 

yellow) 12 : | hi 12. | 13) 36 
Bacterium 5 : 3 5 | 12 13 15 17 
Gram negative rod 

(white) 16 2 | 42) 46. | 1). @ 
Bacterium 8 ; 12 5 | 10 11 12 15 
Gram negative rod 

(white) 10 AO) DB 7 Vie) 
Gram negative rod (pale 

yellow) Zz 2 9; 10 | 12| 15 


* Zone of clearing measured from the margin of the disc to 
the edge of the zone of bacterial growth. 
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TABLE 2 


Effect of Biostat on bacterial count in salad mix samples 





Treatment Viable Bacteria/g 


Control, dry..... Sates eens 11,500 ,000 

Control, tap water (pH 6.8) 8,500 ,000 

Biostat, 50 ppm oxytetracycline (pH 5.0). 1,000 ,000 
y 


TABLE 3 


Effect of dipping on total bacterial numbers 








Viable Bacteria/g Salad Mix 
Treatment 


0 hr 24 hr 72 hr 





Untreated.... - 

Tap water, pH 7.0. . 

Acidified tap water, 
pH 5.0.. 

Citrie acid, pH 5.0, 


20 ,000 ,000 
15,900,000 | 18,800,000 | 87,500,000 


4,800,000 | 36 


= 


,000 ,000 | 71,500,000 


500 ppm... ...., 2,500,000 2,600,000 | 22,500,000 
Oxytetracyeline, pH 
5.0, 50 ppm. . 6,200,000 | 1,200,000 | 3,500,000 
Biostat, pH 5.0, 50 
5,400 ,000 3 


ppm oxytetracycline. ,900,000 | 1,700,000 





TABLE 4 
Effect of prolonged contact with citric acid on the 
growth of microorganisms from salad greens 








Citric Acid Concentration (ppm) 
at Which Growth Failed 


Microorganism ad = ro 
150 250 500 750 1000 1250 1500 

Acetobacter 1.........| 0| O O | 24-S*; 24-S) 0 0 
Aerobacter 2......... 0: 0 0 0 0 | 48-S 48-S 
Bacterium 1..... 1.1 GY @ | 45-8748 48-S| 0 | 48 
Bacillus §...... ofp een <O 0 0 0; 0 0 
Bactine Ms... .2c.0 4 OH On P24. 1 2 48-S} 24-S 24-8 
Bacillua: N.... 00.6... 0; O | 24 24 24 | 24 | 24 
Chromobacterium9...| 0 | 24-S; 24 | 24 24 | 24 | 24 
Bacherichtd. ...... 5: 0. O 0 0 0 0 0 
Flavobacterium I... 0| O | 48 | 24 24 | 24 | 24S 
Micrococcus W....... 24 | 24 24 | 24 24 | 24 | 24 
Pseudomonas 1.......| 0 | 24-S} 24 | 24 24 | 24 | 24 
Rhizobium. .......... Oo} -O | 24 24 24 | 24-S 24-8 
RC) ea ee a oe 0. O 0 0 0 | 0 0 
Gram negative rod 

WR Re 63 tung ss 0| 01/10/48 0 | 0 | 48 
Gram negative rod 

INOS O43... .ee 2% A 0 0 0 48 48 24 
Bacterium 6..........| 0} 0 0 0 0 0 0 
Gram negative rod 

INQ. 48s. h552: mie 0 0 0 | 24 24 | 24 24 
Gram negative rod 

INQ 2 bss 0; 0 0 0 24 | 24 | 24 
Gram negative rod | 

Ne@uGe:.c;..<; 0; O | 24 ; 24 24 | 24 | 24 
Gram negative rod 

Wowade. x: oes eee ee 24 | 24 | 24 





* Zero indicates no failure of growth at the given acid con- 
centration; numbers 24 and 48 indicate the hours of exposure 
to citric acid which resulted in failure to grow; ‘‘-S’’ indicates 
slow growth following this period of contact with the acid. 
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contact for 24 hr with citric acid, some organisms failed 
to grow on transfer or grew very slowly (after 2 days 
of incubation). For many of the organisms this failure 
to grow occurred after 48 hr. 

Additional tests were made with dips of citric and 
tartaric acids at various concentrations to study in- 
hibitory action on salad mix ingredients stored at 10 
C for 96 hr. Tartaric acid is well known as a preserva- 
tive in household food preparations, as well as in the 
beverage industry. Tartaric acid at 500 and 1500 ppm 
was very effective in reducing the initial bacterial 
count and suppressing growth development for 96 hr 
(table 5). A 150-ppm citric acid treatment was also 
effective. 

DIscussION 


Microbial populations of cut salad greens are greatly 
increased after elaborate handling. Other studies report 
that bacterial counts on whole vegetables also show 
this result. According to James (1925), lettuce heads 
which had been trimmed and washed showed much 
greater contamination than unwashed samples. This 
study demonstrated that the addition of a cutting or 
chopping procedure further increases the count. 

The mechanical spreading of contaminants is only 
one factor responsible for increases in bacterial numbers. 
The moistening of vegetable surfaces, if accomplished 
by a nonbacteriostatic or nonbactericidal agent, in- 
creases the opportunity for proliferation of microor- 
ganisms. 

The presence and amounts of moisture in salad greens 
cause fluctuation in bacterial populations. It was noted 
that in 24 hr, “dry” crisp vegetables showed increases 
of 0 to 20 per cent while moist crisp samples showed 
increases of 20 to 200 per cent. The populations of 
wilted vegetables, in contrast, decreased 0 to 40 per 
cent in the same length of time. In 48 hr bacterial counts 
increased from 100 to 500 per cent except in cases of 
excessively dry wilted vegetables. 


TABLE 5 
Effect of citric and tartaric acid dips on total bacterial 
numbers 
Viable Bacteria/g Salad Mix 
Treatment _ : ae: - “ 


0 hr 24 hr 18 hr 96 hr 


3,100,000 7,550,000 (14,960,000 |18,550 ,000 


Control 7 4 
Citric acid, 1500 
ppm ‘ 2,690,000 1,690,000 15,500,000 18,800,000 
Citric acid, 500 
ppm .. 3,360,000 (5,850,000 |11,750,000 |11,750,000 
Citric acid, 150 
ppm... ..|2,860,000 4,500,000 18,450,000 7,800,000 
Tartaric acid, 
1500 ppm 260,000 320,000 560,000 2,880,000 
Tartaric acid, 
160 ,000 585 ,000 


500 ppm 730 ,000 680 ,000 


The inhibitory action of oxytetracycline, Biostat, 
citric acid, and tartaric acid on the organisms isolated 
from salad greens indicates possible use in controlling 
the contaminants of vegetable products. 

Oxytetracycline and Biostat maintained bacterial 
counts at a low level for at least 1 week, and tartaric 
and citric acids showed marked activity in postponing 
the growth of organisms for a 48-hr period. Initial high 
reductions in populations, following exposure to these 
substances, are probably due to some detergent action 
of the compounds and to total acidity of the dipping 
solutions. 

Exposure of vegetables to tap water results in small 
reduction in counts. If, however, the pH of the water 
is dropped to 5.0, total numbers are substantially de- 
creased. The acid solution apparently frees a greater 
number of bacteria from the surface of the vegetable. 
Simple acidification is not the sole factor in reduction 
of counts since water at pH 5.0 depresses the initial 
count but fails to maintain the advantage. 

Citric acid alone was more effective in reducing the 
bacterial flora than oxytetracycline or Biostat. Counts 
following the citric and tartaric dips were usually lower 
than those following other treatments, and the lowered 
counts were maintained for 48 hr. 

The effectiveness of citric acid in inhibiting and kill- 
ing organisms has been described previously. Douglas 
(1930) reported that two teaspoons of lemon juice 
kill 2 billon cells of Salmonella typhosa. The agglutina- 
tion of Pseudomonas aeruginosa, Serratia, and Bacillus 
subtilis by the acid action of lemon juice has been de- 
scribed. Kurk (1918) reported precipitation of Serratia 
by citric acid at pH 5 to 6. 

Oxytetracycline and Biostat at pH 5.0 immediately 
reduced the microbial population and maintained this 
reduction for periods up to 1 week. Of the two, Biostat 
had the added advantage of immediately lowering 
counts more than oxytetracycline. 


SUMMARY 


Microorganisms recovered from commercially pack- 
aged, freshly cut salad greens are largely members of 
the bacterial genera found in water and soil. The most 
frequently occurring types belonged to the genera 
Pseudomonas and Bacterium. Very few coliforms, as 
determined from culture on eosin-methylene blue agar, 
were found. Of the organisms isolated from these vege- 
tables, 53 were kept for testing purposes and almost 
all showed sensitivity to oxytetracycline. Most of the 
test. strains showed some degree of susceptibility to the 
inhibiting action of citric and tartaric acids. Oxytetracy- 
cline and Biostat were effective in decreasing the micro- 
bial population of fresh vegetables and in maintaining 
the low counts for 1 week. Citric acid and tartaric acid 
were effective in lowering counts, but their inhibitory 
action was not as prolonged as that of the antibiotics. 
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These substances offer a possible solution for reducing 
the contamination and spoilage of packaged vegetables 
and thus extending storage life. 
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The microbiological oxidation of progesterone to 
give 1la-hydroxyprogesterone is one of the most im- 
portant routes to cortisone (Fieser and Fieser, 1959). 
Although a number of organisms can be used for this 
purpose (Eppstein et al., 1956), the two most widely 
used are Rhizopus nigricans (Peterson et al., 1952) and 
Aspergillus ochraceus (Dulaney et al., 1955). It is of 
obvious importance and utility to conduct these hy- 
droxylations using the highest possible concentrations 
of substrate. However, the published literature to 
date shows that rather low concentrations of proges- 
terone were used. Thus, Peterson et al. (1952) recom- 
mend 0.5 to 1.0 g progesterone per L. Karow and 
Petsiavas (1956), working with A. ochraceus and using 
propylene glycol as a solvent for progesterone were 
able to achieve concentrations of 2.0 g per L in batch 
runs and 4.0 g per L in semicontinuous procedures, one 
of the chief limiting factors apparently being the toxic- 
ity of propylene glycol. The present communication 
reports the results of experiments which permit excel- 
lent lla-hydroxylation of progesterone in concentra- 
tions as high as 20 to 50 g per L. 


{ 
MATERIALS AND METHODS 


The cultures used in this study were Rhizopus nigri- 
cans Ehrb strain ATCC 6227b and Aspergillus 
ochraceus from the Merck Culture Collection.’ Both 
organisms were brought into a vigorous, active stock 


' Paper LXVI in a series on sapogenins and steroids; Paper 
LXV, J. Org. Chem., in press. 

2 Eastern Utilization Research and Development Division, 
Agricultural Research Service, United States Department of 
Agriculture. 

>We wish to thank Dr. H. B. Woodruff for making this 
particular culture available to us. 


culture from agar slants by multiple transfers in 16- 
ounce French square bottles using 100 ml of a 5 per 
cent malt medium under aerobic conditions (Weaver 
et al., 1953). The bottles contained a 14-inch layer of 
glass beads which permitted uniform break-up of the 
surface growth for subsequent transfers. A culture was 
considered suitable for effecting a steroid transforma- 
tion if it produced vigorous sporulation in 4 days under 
the above conditions. Vigorous vegetative growth of 
the organisms was achieved by use of the widely used 
Edamin,‘ glucose, corn steep liquor medium recom- 
mended by Peterson eé al. (1952). A Fernbach flask 
containing 300 ml of this nutrient medium was auto- 
claved at 15 lb pressure for 15 min. On cooling it was 
inoculated with 2 per cent (6.0 ml) of the stock culture 
preparation. The flask was shaken at 28 C for 18 to 24 
hr on a reciprocal shaker set to give 90 cpm and a 
3-inch stroke. 

Progesterone was used asa USP product of moder- 
ately fine subdivision. The same product was also 
ground in a Jet-O-Mizer, model 0202,° grinder. The 
progesterone thus ground had considerably finer parti- 
cle size and an apparent density about one third that 
of the original material as judged by the volumes oe- 
cupied by comparable weights. The progesterone was 
weighed into a 250-ml Erlenmeyer flask, wetted down 
with a 0.01 per cent aqueous Tween 80° solution, and 
shaken. The flask was then exposed to live steam at 
atmospheric pressure for 30 min. The progesterone 


4 Sheffield Chemical Co., Norwich, New York. Mention of 
commercial brand names does not imply recommendation over 
any other similar type. 

> Manufactured by Fluid Energy Processing and Equip- 
ment Company, Philadelphia, Pennsylvania. 

6 Atlas Powder Company, Wilmington, Delaware. 
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could not be autoclaved under the usual sterilizing 
conditions because it frequently melted and on cooling 
gave a product which would not disperse properly in 
the nutrient medium. 

In the case of R. nigricans, 50 ml of an 18 to 24 hr 
vegetative culture was added to the flask containing 
the progesterone. With A. ochraceus, 25 ml of the 
vegetative culture was added along with 25 ml of 
sterile water to the flasks containing the progesterone. 
The flasks were shaken at 220 rpm on a 2-inch stroke 
rotary shaker for 24 hr or longer. In one experiment a 
larger scale run was conducted with A. ochraceus using 
250 ml of the vegetative culture diluted with 250 ml of 
sterile water. In this case the fermentation vessel was 
a 4-L serum bottle aerated at a rate of 0.1 volume of 
air per volume of medium per min. The serum bottle 
was incubated on the rotary shaker described above. 

For assay purposes the entire broth plus mycelium 
was extracted at least three times, using each time a 
volume of chloroform equal to the volume of the broth. 
The chloroform extracts were combined, filtered, and 
evaporated to dryness on the steam bath. The samples 
were analyzed by paper chromatogram techniques and, 
in some cases, by macro isolation procedures as well as 
the micro paper chromatogram. As shown in table 1 
the two methods gave very good checks. 

Paper chromatogram. The method is basically a 
modification of the typical Zaffaroni procedure (Zaf- 
faroni et al., 1950; and Zaffaroni and Burton, 1951). 
Whatman No. 4 paper was impregnated with 30 per 
cent propylene glycol in acetone. Aliquots of sample 
corresponding to approximately 200 yg were spotted 
along with known amounts of 1 la-hydroxyprogesterone. 
The paper chromatogram was then developed with a 
1:1 mixture of benzene and cyclohexane. The paper 


TABLE 1 
Conversion of progesterone to 11a-hydroxyprogesterone 
by Rhizopus nigricans 


11 a-Hydroxypro- 


gesterone 
No. Trestment | terencs | Time |— 
Founat | 2. 

g/L hr g/L q 
1 None 1.0 6 0.5 50 
2 None 1.0 24 0.6 60 
3 None 2.0 24 1.2 60 
4 None 4.0 24 2.4 60 
5 Ground 1.0 6 0.6 60 
6 Ground 2.0 6 0.4 20 
7 Ground 1.0 24 0.65 65 
8 Ground 2.0 24 1.4 70 
9 Ground 4.0 24 2.8 70 
10 Ground 8.0 24 4.0 50 





gesterone used is 449 amount shown. 
+ Paper chromatogram assay. 
t Based on initial progesterone content. 


* Volume of all samples = 50.0 ml. Actual quantity of pro- 
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was removed when the solvent front was within 1 inch 
of the bottom (usually 115 to 2 hr at 26 C). With the 
system used, unreacted progesterone moves just in 
back of the solvent front, 1la-hydroxyprogesterone 
moves 7 to 8 cm from the origin, and 68, | la-dihydroxy- 
progesterone does not move. The method is essentially 
a determination of 1lla-hydroxyprogesterone. The 
paper sheets were thoroughly dried at 90 to 100 C 
and sprayed with vanillin-phosphoric acid spray (Me- 
Aleer and Kozlowski, 1957). 

Macro isolation. The dried chloroform extracts ob- 
tained as described above were dissolved in a minimal 
quantity of hot benzene. Heptane was added to the 
hot mixture until the first appearance of a cloud point. 
The solution was cooled to room temperature and the 
crystalline crop removed by filtration. The mother 
liquors were then heated on the steam bath to drive 
off more benzene until another cloud point was noted. 
The procedure was repeated several times. All crops 
melting above 150 C (usually after three crops a sharp 
fall in melting point denoting progesterone was ob- 
served) were combined, recrystallized from heptane- 
methanol, and weighed. The purity of the lla-hy- 
droxyprogesterone obtained in this manner was 
checked by paper chromatogram, melting point and 
infrared spectroscopy, and in all cases the preparations 
were found to be substantially pure. (In all cases paper 
chromatogram assay showed the absence of proges- 
terone and 68, 1la-dihydroxyprogesterone. ) 


RESULTS AND DiIscussION 
The data for the 1la-hydroxylation of progesterone 


by R. nigricans and A. ochraceus are given in tables | 


TABLE 2 
Conversion of progesterone to 11a-hydroxyprogesterone 
by Aspergillus ochraceus 


11a-Hydroxypro- 


; Steroid gesterone 
No. Treatment Progesterone* Time 
Found veal 

g/L hr | g/L Q 
1] Ground 20.0 24 14.0 70 
12 Ground 20.0§ 72 14.8 74 
13 Ground 20.0 72 17.4 87 
14 Ground 20.04 72 18.0 90 
15 None 50.0 72 20.0 40 
16 Ground 50.0 72 32.5 65 
17 Ground 100.0 72 | 2.0 24 


* All samples except that indicated by { have volume of 
50 ml and. actual progesterone content is 4% that shown. 

+ Assay by direct isolation of crystalline 1la-hydroxypro- 
gesterone. Paper chromatogram assay gave values in excellent 
agreement. 

t Based on initial progesterone content. 

§ Mycelium and nutrient media were not diluted 1:1 with 
water prior to addition to steroid. 

{ Actual volume is 500 ml; actual progesterone content is 
14 that shown. 
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and 2, respectively. Our strain of R. nigricans under 
these experimental conditions was able to carry out 
lla-hydroxylation of progesterone with reasonable 
efficiency up to concentrations of 8 g per L. At this 
point the hydroxylation rate began to decrease relative 
to that obtained with A. ochraceus (compare no. 10, 
table 1 with no. 11, table 2). Accordingly, only A. 
ochraceus was tested with the high concentrations of 
progesterone shown in table 2. The data shown in this 
latter table indicate that concentrations of 20 g of 
progesterone per L can be almost quantitatively con- 
verted to the lla analogue and that even in concentra- 
tions of 50 g per L, 65 per cent conversion can be ob- 
tained. 

There are several features of our experimental pro- 
cedures which are noteworthy. The chief factor was 
the use of the Fluid Energy Mill’ to grind the proges- 
terone into very finely divided particles thus omitting 
the use of organic solvents. As a result, the problem of 
solvent toxicity in runs containing high concentration 
of starting materials was eliminated (cf. Karow and 
Petsiavas, 1956). The use of Tween 80 in low concen- 
tration resulted in a uniform wetting of the finely 
ground progesterone. Without the use of Tween 80 
the finely ground particles floated on top of the medium 
in a taleum-like manner and prevented a uniform 
dispersion in the fermentation medium. The dilution 
of the growing culture was necessary for good agitation 
in fermentations using high concentrations of starting 
material, since at these concentrations the medium 
became very viscous. 

Although the standard time period (72 hr) for the 
A. ochraceus experiments was considerably longer than 
the fermentation periods used by Dulaney et al. (1955) 
and Karow and Petsiavas (1956), it is of interest to 
note that very little of the 68,1la-dihydroxyproges- 
terone was formed in the high concentration experi- 
ments. When similar fermentations were conducted at 
low concentrations, 0.5 to 1.0 g per L, we found exten- 
sive formation of the dihydroxyprogesterone. Hence 
one can conclude that so long as some progesterone re- 
mains in the fermentation medium, it will be prefer- 
entially hydroxylated to the mono-hydroxy form and 
that there will be little or no hydroxylation of the 
lla-hydroxyprogesterone until all the unreacted pro- 
gesterone has been mono-hydroxylated. For this 
reason dihydroxylation apparently occurs more readily 
in fermentations at low concentration. 

Although in our experimental procedure we extracted 
both the mycelium and the fermentation medium, it 
has been found in later experiments that when high 
concentration of substrates is used the extraction of the 
fermentation medium is unnecessary. With substrate 
concentrations of 20 g per L, it was found that on 
filtering the mycelium 95 per cent of the total steroid 
Was associated with the mycelium and could be ex- 
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tracted from the latter with acetone. Hence the usually 
awkward and laborious extraction of the aqueous phase 
can be omitted. This statement does not hold for 
fermentations at low concentration. 

The procedure described in this paper for the fer- 
mentation of progesterone in high concentrations ap- 
pears to be specific for this substrate. While studying 
the possible formation of lla-hydroxy products from 
compound §, 16a,17a-epoxyprogesterone, and l6a, 
17a-epoxypregnane-3 ,20-dione, evidence was obtained 
that the 1la-hydroxy analogues may exert an inhibitory 
action on the course of the fermentation. Some data 
obtained with the latter steroids and with progesterone 
may explain why these hydroxylations are so specific. 
In these experiments mixtures of progesterone (P), 
16a, 17a-epoxypregnane-3 ,20-dione (EP), and their 
corresponding |le-hydroxy analogues (11P and 11EP, 
respectively) were hydroxylated by R. nigricans under 
the experimental conditions previously described, ex- 
cept that rather low concentration levels were used 
with a small volume of propylene glycol as a solvent. 
The conversion of EP to 11EP has been previously 
described by Kenney eft al. (1958). A. ochraceus was 
not used because this organism produces extensive 
degradation of EP and 11EP. The data are shown in 
table 3. 

Steroids 11P and 11EP are easily separated by paper 
chromatography and hence mixtures of these could be 


TABLE 3 


Inhibition of the microbiological hydroxylation of progesterone 
and 16a,17a-epoxypregnane-3 ,20-dione in the presence of 
16a,17a-epory-11a-hydroxrypregnane-3 ,20-dione 








No. Steroid* Conversion*+ 
mg/50 ml Q% 

18 20P 70 11P 

19 20EP 30 11EP 

20 20EP 0 LIEPt 
20 11EP 

21 20EP 30 11EP 
20 11P 

22 20P 75 11P; 11EP aiso 
20EP present 

23 20P 80 11Pf 
20 11P 

24 20P 30 11P 
20 11EP 

25 20P 55 11P 
10 11EP 

26 20P 75 11P 
5 11LEP 

* Code P = progesterone, 11P = lla-hydroxyproges- 
terone 


EP = 16a,17a-epoxypregnane-3, 20-dione 
L1EP = 16a,17a-epoxy-lla-hydroxypregnane -3 , 20- 
dione 
+ To lla-hydroxy steroid in 24 hr. 
t Allowance was made for the quantity of la-hydroxy- 
steroid initially present. 
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estimated. The experiments clearly show that 11P does 
not inhibit the hydroxylation of P or of EP (cf. table 
3, experiments 21 and 23, and compare with 18 and 19). 
Steroid EP also does not inhibit the formation of 11P 
from P (experiment 22). However 11EP has a marked 
inhibitory action on the hydroxylation of both its 11- 
deoxy-analogues, steroids EP and P, as shown in experi- 
ments 20 and 24. Moreover, as the quantity of 11EP 
was reduced, conversion of P to 11P was increased 
(experiments 24, 25, and 26). Our experiments do not 
permit conclusions as to the nature of the inhibition of 
the hydroxylation of P and EP by 11EP. It is apparent, 
however, that 1lla-hydroxyprogesterone is nonin- 
hibitory to the hydroxylation of progesterone. The 
noninhibition of hydroxylation by large concentrations 
of 11P may well be exceptional. 


SUMMARY 


Progesterone can be converted to 1la-hydroxypro- 
gesterone by Aspergillus ochraceus in high yields at 
concentrations of 20 to 50 g per L. The fermentation is 
conducted with finely ground steroid in the absence of 
organic solvents using a very small concentration of 
wetting agent to provide dispersion of the solids in the 
fermentation medium. It is shown that 1la-hydroxy- 
progesterone does not inhibit the hydroxylation of 
progesterone but that 16a, 17a-epoxy-lla-hydroxy- 
pregnane-3 ,20-dione is inhibitory toward hydroxyla- 
tion of both progesterone and 16a, 17a-epoxypregnane- 
3, 20-dione. 
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The rhizobial bacteria can be readily grown on a 
variety of media containing complex nutrient extracts 
of microbial, mineral, or plant origin, but growth on 
nonsupplemented carbohydrate-inorganic salts media is 
poor for most species. Only a minor part of the ex- 
tensive research devoted to Rhizobium has dealt with 
the minimum requirements for cultural growth (Wil- 
son, 1940; Wilson and Wilson, 1942; Allen and Allen, 
1950). Establishment of minimal media is prerequisite 
to the isolation of nutritional mutants, potentially 
useful in the study of the biochemical basis of nodula- 
tion (infeectiveness) and nitrogen fixation (effective- 
ness). Besides establishing a need for media adapted to 
specific cultural experiments, the induction of such 
cultural marker characters requires periodic testing 
of variants for retention of infectiveness and effective- 
ness. 

This paper gives a brief description of the defined 
media and modified nodulation testing techniques de- 
veloped specifically for experiments with rhizobial 
strains which are variant for characters such as anti- 
biotics reaction, phage reaction, or nutritional require- 
ments. The work described represents a part of the 
procedure-developing phase of a research program 
involving the marking of cultures for attempted inter- 

1 This research was carried out at Brookhaven National 


Laboratory under the auspices of the United States Atomic 
Energy Commission. 


specific manipulation of infectiveness and effectiveness 
in Rhizobium. 


MATERIALS AND METHODS 


Formulation of the minimal medium was based on 
approximate growth comparisons (colony size), per- 
formed in the following sequence: (1) comparison of 
several widely used media and the stepwise elimination 
of macroelements which did not appear essential for 
growth; (2) comparison of the glucose-salts (GS) 
medium (macroelements group listed in table 1) at 
varying levels of each salt, kept below the level of pre- 
cipitation of insoluble compounds like the calcium 
phosphates; (3) substitution of deionized water for 
tap water and comparisons of several trace element 
formulations with contrasting high and low levels of 
individual elements. 

In the organic supplementing tests, concentrated 
aqueous solutions of 21 amino acids and 10 vitamins 
were spotted on preplated bacteria in combinations 
designed to detect interaction of two amino acids and 
two or more vitamins. Confirmation of any apparent 
growth stimulatory response was obtained by incor- 
poration of the growth factors into the minimal medium 
at a range of concentrations. Final quantitative meas- 
urements of growth in liquid media were made with a 
Coleman? nephelometer. The surface-layering method 
of plate inoculation was used throughout these experi- 


2 Coleman Instruments, Inc., Maywood, Illinois. 


TABLE 1 


Inorganic components of media 





Macroelements A* (ME-A Amt Macroelements B (ME-B) Amt Trace Elements (TE) Amt 
s/L g/L mg/L 

NH,NO 1.0 KCl 0.5 H;BO; | 1.0 
KH2PO, 0.3 KH.2PO, 0.2 ZnSO,-7H2O 1.0 
KsHPO, 0.3 MgS0O,-nH.O 0.2 CuS0O,-5H2O 0.5 
MgSO,-nH.O0 0.1 CaS0O,-2H:O 0.2 | MnCl.-4H2O 0.5 
Ca(NO;)2-4H2O 0.05 Na2sMoQ,-2H.O 0.1 
Fe-EDTAfT 1.0 


* Demineralized water used. Individual macroelement stock solutions and bulked trace element stock solutions (excepting 
Fe-EDTA) prepared at a concentration of 100 times the above working concentrations. Amounts for all elements, excepting iron, 


given on a compound basis. 


+ Iron chelated by the EDTA (ethylenediaminetetraacetic acid) compound, Sequestrene® AA (Geigy Industrial Chemicals, 
Ardsley, New York). Prepared by addition of FeSO, to Sequestrene AA (tetra-acid) and KOH, followed by aeration to pH 5.5; 


Maintained in stock at a concentration of 5000X (Fe*** basis). 
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clover 

{VD} 
cotton a & 
plug Ca~ 
glass 


cylinder ——* 


(29 mm I, D.) 


vermiculite ——_]]: 


rubber 


band ~wb:. 


test tube —__, | - 


(25 mm 1. D.) 


gravel —___ 


Surface-sterilize seed. 
Germinate on nutrient 
agar if necessary to 
eliminate contaminated 
"escapes" 
































Plant and inoculate as for (B). 
Adjust cylinder height as needed 
and remove when shoot emerges 
from tube. 


bean 
seed or seedling 
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Add nutrient solution (Sp) and 
autoclave | hr. 


Cut hole in paper, plant seed or 
Adjust 
nutrient solution level. Cover 
with paper cup (autoclaved 10 
min.) 


seedling in vermiculite. 


Grow seedling until shoot emerges 
through hole (root also ready for 
inoculation at this stage). 


approx, 
A nutrient solution 


cellophane 


paper cup 
(bottom removed) 
double-layer, filter 
paper cap (shown) 
with hole) 


_ rubber band 


2 pint milk 
bottle 


———_—_—$_——_—__—_——-» 
|_— vermiculite (previ - 
ously washed and 


dried) 


washed, 
1/4" gravel 


B 


level of 
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1. Remove cup, add bacterial sus- 
pension (cells in Sp solution). 
Seal hole around stem with non- 
absorbent cotton, 


2. Distribute inoculum by tilting and 
rotation of bottle. 


3. Optional: exclude light from roots 
(paper liner, foil, etc.) 


4. Use nozzle dispenser method of 
adding nutrient solution, care- 
fully avoiding cross-contamina- 
tion, 


Figure 1. Procedure used in nodulation tests of cultures of Rhizobium on (A) small-seedling plants and (B) large-seedling plants 


Designation of Medium 


GS-minimal No. 2 


Other media :§ 
Wilson and Wilson’s 


Campbell and Hofer’s 


Medium ‘‘79”’ 


TABLE 2 


Some characteristics of media used for culture of Rhizobium 


Composition 


Use 


Glucose (0.5%), salts (ME-A + TE)) Growth factor testst 
GS + vitamin supplement (biotin,! Biochemical 


pantothenate) 


GS + vitamin supplement 


mine, pantothenate 


GS + yeast extract (0.1%) 
GS-Y with low glucose (maximum of) Streptomycin 


0.1%) 


GS-Y + easein acid hydrolysate) Biochemical mutant screening 


(0.1%) 


See reference, 1942 
See reference, 1943 
Allen, 1951 


) 


(L41, T311 
Biochemical 
(P42, M4) 


(thia- 


culture 


oo Phage cultu 


mutant 


Y 
} 


mutant 


General culture growth 


tests 


“e 


* Cultures (left to right) represent Rhizobium leguminosarum strain L41, R. phaseoli strain P42, R. trifolit strain 


Comparative Growth of Cultures of 
4 Rhizobium Species* 


Ll P42 T3i1 M4 

17 27 28 32 

screening) 67 36 59 35 
screening, 33 52 55 59 
91 110 97 106 

and phage) 98 101 101 97 
100 100 100 100 

6 25 Ss 19 
70 158 77 106 
100 110 83 133 


T311, and R. 


meliloti strain M4. Growth comparisons are based on nephelometer measurements (expressed as a per cent of the GS-YC complete 
medium) of 18-hr log-phase cultures grown on a shaker at 28 C. The lowest value (6 per cent) given above corresponds to the base 


level of the inoculum. 


+ Difeo Noble agar or washed Bacto agar (Difco Laboratories, 


Inc., Detroit, Michigan) used for all plating involving GS or 


minimal media. Substitution of mannitol for glucose gave no significant growth difference. 


tGS solution also used as the 


3 


other two are organic supplemented ‘“‘complete”’ media. 


‘‘saline’’ solution for cell washing or dilution procedures where GS 
§ Used here mainly for purposes of growth comparisons. Wilson and Wilson’s medium is an inorganic macrosalts medium; the 


Y broth cannot be employed. 
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ments, in preference to the surface-spreading technique 
which is complicated by cell motility and variables of 
agar surface drying. 

Plant inoculation procedures used in nodulation and 
nitrogen-fixation tests are illustrated in figure 1 and 
described under Results and Discussion. The cultures 
used in this study were: Rhizobium leguminosarum 
strain L41, Rhizobium phaseoli strain P42, Rhizobium 
trifolit strain T311, and Rhizobium meliloti strain M4. 
The nitrogen-free nutrient salts solution (Sz, solution) 
used for growing the plants contains the trace elements 
(TE) and the B group of macroelements (ME-B) given 
in table 1. 


RESULTS AND Discussion 

Media and growth. The media formulations are given 
in tables | and 2. Growth of all cultures on the GS 
base is inadequate for practical purposes of a minimal 
medium, thus necessitating partial supplementation 
with organic growth factors. Supplementing with 21 
amino acids, although done only empirically by spot 
test methods on three cultures, did not produce suf- 
ficient growth stimulation to warrant more extensive 
study of amino acids. Several amino acids, notably 
cystine, inhibited growth when used at high concentra- 
tions. Stimulation of rhizobial growth commonly oc- 
curred in zones surrounding some contaminant bac- 
terial colonies of undetermined identity. No attempt 
was made to fractionate the exometabolites. 

As anticipated on the basis of earlier reports (Wilson, 
1940; Wilson and Wilson, 1942) of vitamin responses 
in the rhizobia, sufficient growth enhancement was ob- 
tained from vitamin addition to make the practical 
use of a vitamin-supplemented GS medium feasible as 
a minimal medium, although the level of growth is 
still well below that of the “complete” glucose salts- 
yeast extract (GS-Y) or glucose salts-yeast extract- 
casein acid hydrolyzate (GS-YC) media. It is necessary, 
however, to determine the specific supplements for each 
culture to be used in biochemical mutation work, so 
that a given vitamin-supplemented medium will be 
“minimal” only with respect to cultures responding to 
the particular supplement. Of the 4 cultures (see table 
2) evaluated in this study, R. leguminosarum LA41 re- 
sponded to biotin (0.05 ug per ml) plus calcium panto- 
thenate (0.2 ug per ml); R. phaseoli P42 and R. meliloti 
M4 responded to thiamine (0.2 ug per ml) plus calcium 
pantothenate; and R. trifolit T311 was stimulated by 
either combination. In each instance, biotin or thia- 
mine alone produced the major single-vitamin effect, 
but a further complementary effect, equivalent to the 
stimulation of the complete vitamin mixture (10 vita- 
mins), resulted from the addition of the pantothenate. 
The minimal media thus permit screening for induced 
deficiencies for all but two of the vitamins, as well as 
for amino acids. None of the above media supported 


INDUCED VARIATION IN THE RHIZOBIA : 


dol 


good growth of a culture of R. japonicum, generally 
recognized as a “slow-growing”’ species. 

It should be noted that the same trace element mix- 
ture is used for both the bacterial media and the plant 
nutrient solution. No precipitation or pH adjustment 
problems were encountered in any of the media at the 
inorganic levels given in table 1. A lower glucose con- 
tent in the G,S-Y medium is used for reasons of reduc- 
ing glucose inactivation of streptomycin in antibiotic 
experiments (unpublished) and decreasing gum forma- 
tion in bacteriophage experiments. 

Attempts to induce biochemical mutants. No nutri- 
tionally deficient mutants were found in preliminary 
experiments in which X-rays were used as the mutagen 
and three methods of mutant enrichment (Davis, 1949; 
Adelberg and Myers, 1953; Lubin, 1959) were em- 
ployed for screening purposes. The major emphasis in 
these experiments was on manipulation of variables in 
the enrichment procedures to give more effective elimi- 
nation of wild type cells. In the penicillin methods of 





Figure 2. (Top) Pea (left) and bean (right) plants tested for 
nodulation by the method of figure 1B. Uninoculated control 
plants (right, each set) are not nodulated and show nitrogen 
starvation symptoms. (Bottom) Nodulated and nodule-free 
roots of inoculated and control bean plants. 
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enrichment the relatively high penicillin tolerance of 
the rhizobia necessitates the use of high doses (concen- 
tration and time) of the antibiotic to give a significant 
bactericidal effect rather than mere bacteriostasis. 
Since only about 900 randomly selected (replica plating 
not used) colonies from ‘‘enriched’”’ populations were 
directly tested for inability to grow on minimal media, 
it is premature to speculate whether Rhizobium may 
be uniquely more refractory to biochemical mutation 
than many other bacterial species. Further attempts to 
induce biochemical mutants have been deferred in 
favor of antibiotics resistance and phage resistance as 
marker characters. 

Technique for nodulation and nitrogen fixation tests. 
The procedure outlined in figure 1 and illustrated in 
figure 2 is a modification of widely used methods in 
which small seedlings (e.g., alfalfa, clover) are grown on 
agar in test tubes, and large-seedling plants (e.g., 
beans, peas) are grown on a sterile sand culture in 
glazed jars (Erdman and Burton, 1938; Allen, 1951). 
The method of figure 1B fulfills the requirement for 
replicated single-plant tests (seedborne or airborne 
contamination, when present, confined to a single 
plant) and is designed primarily to grow the bulky 
shoot of the large-seedling plants outside the container 
while confining only the roots to a small, closed system 
which is relatively simple to prepare, inoculate, and 
maintain. Confinement of the root system (kept at the 
optimum nutrient solution level) to the small volume 
does not seriously limit normal development of the 
plants through the stage of growth when observations 
on nitrogen fixation efficiency can be made. As far as 
simplicity of method and economy of space is con- 
cerned, the extensible-tube method (figure 1A) for 
testing of alfalfa or clover seedlings offers no particular 
advantage over the commonly used agar-tube tech- 
nique, but it provides a means of growing the shoot 
externally, under more favorable conditions of aera- 
tion and light. 

The above method, although adapted to the require- 
ment of simply detecting infectiveness in a pure cul- 
ture or uniform bacterial population, would not be 
suitable for detection of infrequently occurring infec- 
tive cells in a population of noninfective cells. Thus, the 
detection of induced nodulation in a noninfective cul- 
ture would require massive inoculation of a larger 
number of plants, grown under nutrient culture condi- 
tions. Use of adequately marked cultures, as planned 
for such experiments, and the use of low levels of anti- 
biotics (assuming the use of antibiotic-resistant cul- 
tures) in the substrate would lessen the stringent re- 
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quirement of excluding airborne rhizobial contamina- 
tion. 
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SUMMARY 


A defined inorganic medium, developed for nutri- 
tional studies with the rhizobial bacteria, supported 
only a low level of growth of these bacteria. Combina- 
tions of two or more vitamins stimulated growth suf- 
ficiently to permit use of the vitamin-supplemented 
medium as a minimal medium for cultures responding 
to a particular vitamin combination, although in no 
case was growth comparable to that obtained on the 
yeast extract medium. Amino acids tested were not 
stimulatory. No biochemical mutants were isolated in 
preliminary experiments involving X-rays as a mutagen. 

A plant nutrient solution, with the same trace ele- 
ment composition as the bacterial media, was formu- 
lated for plant nodulation tests. Modified methods of 
culturing plants are described as used for routine test- 
ing of bacterial strains for nodulation and nitrogen 
fixing. ability. 
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An extensive literature has developed in recent years 
in the field of chelate compounds with special reference 
to their antimicrobial properties. Thus, for example, 
the copper chelate of oxine (8-hydroxyquinoline) has 
been the subject of numerous investigations (Hollings- 
head, 1956). 

Thiosemicarbazones (TSC), which are compounds 
capable of forming chelates, have been investigated by 
Domagk (1950) who found p-acetamido- and p-meth- 
oxybenzaldehyde TSC to be antitubercular, while 
subsequent investigations by a number of workers 
(Hoggarth et al., 1949; Donovick et al., 1950; Hamre, 
Bernstein, and Donovick, 1950; Mascitelli-Coriandoli 
and Maiocchi, 1955) have shown other TSC to be anti- 
mycobacterial. It has been suggested by Gausman et al. 
(1953) that the activity of these compounds is due to 
their property of forming chelates with metals. This 
property of TSC has been used as the basis of a method 
for the quantitative determination of a number of metals 
(Guha Sirear and Satpathy, 1954). 

It was considered that the chelates of TSC with 
metals such as copper may have antifungal properties 
through a mechanism similar to that of the copper 
chelate of oxine (8-hydroxyquinoline), which is known 
to be an effective textile preservative. 

To study this possibility, a number of TSC having 
aliphatic and aromatic substituents, respectively, to- 
gether with their copper complexes, were prepared and 
their antifungal activity toward two organisms was 
determined by two methods. For purposes of compari- 
son two commercial fungicides were also examined. 


MATERIALS AND METHODS 


The TSC and their corresponding copper complexes 
were prepared in this laboratory (Gingras, Hornal, 
and Bayley, 1960). The least soluble of these com- 
pounds were the aliphatic ones and consequently, their 
purification was particularly tedious. In the case of the 
TSC of n-propionaldehyde, n-butyraldehyde, and 
n-valeraldehyde, the elementary analyses remain un- 
satisfactory. However, since they show the expected 
infrared spectra (Gingras, Hornal, and Bayley, 1960) 
and copper contents which are in good agreement with 
the theoretical values, they have been included in the 
data presented. 


The test organisms used in the screening of these 
compounds were Chaetomium globosum strain USDA 
1042.4 and Aspergillus niger strain USDA 215-5373.16. 
Stock cultures were maintained on malt agar slants, 
dry spore inocula being used for both procedures. 

The cotton fabric used was 8-ounce unbleached duck. 


Tube Dilution Method 


Medium. A nutrient liquid medium of the following 
composition was used: glucose, 5 g; NH4NOs, 3 g; 
K.HPO,, 2 g; KH2POx,, 2.5 g; MgSO,-7H.0, 2 g; yeast 
extract (Difco)!, 5 g; distilled water, 1000 ml. The pH 
of this medium was 6.3. 

Procedure. The compound was either dissolved or 
suspended in a suitable organic liquid, 0.1 ml of the 
solution or suspension being added to 5 ml of the liquid 
medium, in a 50- by 15-mm test tube. 

To preclude the possibility that the organic liquid 
used may itself be responsible for inhibition, a blank 
experiment with no compound present was run, in 
which the amount of solvent present was the same as 
when a compound was being tested. In no case was 
there any evidénce of inhibition. 

After inoculation and incubation at 30 + 2C fora 
suitable length of time, the presence or absence of 
growth was noted. All tests were carried out in dupli- 
cate. The criterion chosen to indicate antifungal aec- 
tivity was absence of growth in the presence of a con- 
centration of 1000 ppm of compound. Compounds 
showing activity as thus defined were examined at 
lower concentrations. 


Plate-Disc Method 


Medium. A malt extract agar was used which had 
the following composition: Difco malt extract, 30 g; 
yeast extract, 5 g; Difco agar, 20 g; distilled water, 
1000 ml. 

Method of test. A dise of the duck, 1 cm in diameter, 
was saturated with a 5 per cent solution or suspension 
of the compound in the solvent and allowed to dry at 
room temperature. A lower concentration was used in 
some instances when the solubility of the compound 
was low. The disc was then placed on a malt agar plate 
which had been streaked with spores of the test organ- 


1 Difeo Laboratories, Inc., Detroit, Michigan. 
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ism. Duplicate plates were incubated at 30 + 2 C for RESULTS 

a suitable period of time depending on the organism The data for the TSC, tested at 1000 ppm, are shown 
used. A zone of inhibition of growth was taken as an in table 1. Those TSC which showed activity at 1000 
indication of antifungal activity. ppm were tested at 100 and 10 ppm, the data being 


TABLE 1 


Antifungal activity of thiosemicarbazones tested at 1000 ppm 





Y—C=N—NH—C—NH Aspergillus niger Chaetomium globosum 
x oa both Formt Tube-dilution Tube-dilution 
Plate-disc, Plate-disc: 
24 hr 48 hr 
Y x 24 hr 48 hr 1 week 2 weeks 
CH; CH; A Sol —f +t Zt - - NZt 
C.H;— H A Sol = + NZ + NZ 
n-C;H; H A Sol — - Z - - NZ 
n-C,Hy H A Sol _ — Z — — Z 
iso-CyHy H A Sol -- — Z - _ Z 
n-C gH; H A Sol - _ Z —_ _— Z 
n-C7H,; H A Sol _ _ Z —_ Z 
n-CsH,; H A Sol - -- Z _ = Z 
n-CyHi9 H A Sol a _ NZ —_ —_ Z 
n-C, 9H») H B Sol — _— NZ _ - Z 
9-C,oHis H A Sol = _ Z - _ Z 
n-C),H» H A Sol + NZ + NZ 
n-C, Ho; CH: A Sol + NZ + NZ 
n-C,;Hs CH; A Sol oo NZ <a NZ 
CH; CO.H A Sol + NZ + NZ 
H:.N—CS—NH—N=CH— H A Sus + NZ + NZ 
C.H; H A Sol _ _ Z — | - NZ 
0-OHC-H,—$§ H A Sol + NZ + | NZ 
m-OHC«H, H A Sol oe NZ ~ NZ 
p-OHC,H; H A Sol + NZ + NZ 
m-NO2C«-H;—§ H A Sus a NZ + NZ 
o-FC6H, H A Sol - - NZ ~ ~ Z 
m-FC,H, H A Sol - _ Z - = 4 Z 
p-FC,H:—$ H A Sol - a NZ - - NZ 
o-CIC.H; H A Sol + NZ - - NZ 
p-CIC.H.- H A Sol + NZ - ~ NZ 
2,5-F(NO-.)C.H H A Sus - + Z + Z 
2,5-OH(C1)C.H;— H A Sol + NZ + NZ 
2,4-(OH)2C,H H A Sol os NZ - NZ 
2.4-(Cl)2C.H H A Sol a NZ _ NZ 
p-(OCH;)CeHs— H A Sol + NZ + NZ 
C,;H;CH(OH)— C.H;- A Sol ~ NZ _ + NZ 
C.HCO C,H;— A Sol + NZ - — NZ 
C,H; —CH; A Sol = - Z - - Z 
p-BrC.H,— —CH; A Sol + NZ - = NZ 
p-CICeH, —CH A Sol + NZ — _ NZ 
m-N H2C,Hs— —CH; A Sol + NZ + NZ 
C;,H;:NHCOCH:2—$§ —CH; A Sol + Z - + Z 
CH.—CH,—CH.—CH:—CH, A Sol - + NZ ~ NZ 
HC=CH—CH=C- H A Sol ~ - Z ; — | = Z 
LQ 

Thiosemicarbazide D Sus -- - NZ — - Z 
Cu-8-hydroxyquinolinolate formulation A Sol _ _ Z — — Z 
Dihydroxydichlorodipheny! methane A Sol = = Z - = Z 

* Solvent: A = Cellosolve; B = 1,4-dioxane; D = water. 

+ Form: Sol = solution; Sus = suspension. 

t Symbols: — = no growth; + = growth; Z = zone of growth inhibition; NZ = no inhibition of growth. 


§ Tested at 500 ppm. 
© Tested at 400 ppm. 
Comparison fungicides. 
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given in table 2. Of the 40 TSC, 15 showed activity at 
1000 ppm against A. niger and 22 against C. globosum. 

Of the 31 TSC copper complexes tested, only the 
furfural derivative was active at 500 ppm against A. 
niger and at 50 ppm against C. globosum. However, the 
n-nonanal and n-decanal compounds were effective 
against C. globosum at 1000 ppm and the salicylalde- 
hyde compound was good at 500 ppm. Thus it seems 
that fungicidal activity is limited, in general, to the 
TSC in its noncomplexed state. 

The tube-dilution (TD) and plate-dise (PD) methods 
agree fairly well (table 1). In general the TD method 
appears to be the more sensitive. Fourteen compounds 
which showed activity against C. globosum by this 
method would have been classed as inactive by the 
PD method. Only two compounds, 2-fluoro-5-nitro- 
benzaldehyde and acetoacetanilide TSC, showed ac- 
tivity against both organisms by the PD method but 
not by the TD method. Both methods are therefore 
useful and can be used together conveniently. 


ANTIFUNGAL ACTIVITY OF THIOSEMICARBAZONES 


3905 


Of the 16 compounds active against A. niger at 1000 
ppm by the TD method, only six aliphatic compounds 
were active at 100, and only one, 9-undecenal TSC, at 
10 ppm (table 2). The aromatic compounds were all 
inactive at the higher dilutions. 

Of the 23 compounds effective against C. globosum 
at 1000 ppm by the TD test, 13 were found effective 
at 100 ppm (seven aliphatic and six aromatic) and only 
one, 9-undecenal TSC, at 10 ppm. Thus the latter was 
the most effective compound against both organisms. 


DISCUSSION 


The two comparison fungicides tested were a com- 
mercial preparation of 2,2’-dihydroxy-5 ,5’-dichloro- 
diphenyl methane (G-4)? and a commercial formulation 
of copper 8-hydroxyquinolinolate (Cunilate 2174).2 
This latter preparation contains substantial quantities 
of other materials, mostly of the nature of fatty esters 


? Obtained from the Scientific Oil Compounding Co., Inc., 
Chicago, Illinois. 


TABLE 2 


Antifungal activity of thiosemicarbazones at lower concentrations 


Y—C=N—NH—C--NH2 
ps S 
Y x 
CH;—* —CH; 
n-C3H; H 
n-C,Hy H 
iso-CyHy H 
n-C Hi; H 
n-C7H,; H 
n-CgHy7 H 
n-CgHi9— H 
n-C, oH H 
9-C,oHig H 
C.H;— H 
o-FC.H, H 
m-FC.«H, H 
p-FC,H,—t H 
o-C1C ,H,—* H 
p-ClIC,Hs—* H 
C,H; —CH; 
Cs5H;CO —C,H; 
p-BrC>Hs—* —CH; 
p-CIC ,H.—* : CH; 
CH.—CH.—CH,—-CH.—CH2— 
HC=CH—CH=C—* H 
ae 


Thiosemicarbazide 

Cu-8-hydroxyquinolinolate formula- 
tion§ 

Dihydroxydichlorodiphenyl methane§ 
* Not effective against A. niger at 1000 ppm. 


+ Symbols: + = growth; — = no growth. 


t Tested at 400 ppm. 
§ Comparison fungicides. 


24 hr 


li ++++4++ 


++4++ 1 


Aspergillus niger Chactomium globosum 


10 ppm 
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(Feigin and Schwartz, 1955), added to facilitate the 
formulation of the compound into solvent-soluble form 
(“solubilization’”’). The content of copper 8-hydroxy- 
quinolinolate in the formulated compound as received 
is 10 per cent, corresponding to a copper content of 1.8 
per cent. This material was active against both organ- 
isms in concentrations corresponding to 10 ppm of the 
active ingredient. It was used in the present work 
solely because of its effectiveness at low concentrations, 
a property which has led to its wide use in the textile 
field. 

The G-4 compound was found to be active at 10 ppm 
against C. globosum and at 100 ppm against A. niger; 
hence, 9-undecenal TSC would seem to be as effective 
as either of the commercial preparations under the 
conditions of the test. It is interesting to note that the 
alkyl chain of 9-undecenal TSC differs from that of 
10-undecenoic acid, a well known fungicide, by the 
position of the double bond. 

The inactivity of the copper chelates was unexpected 
and is of interest. In this connection, reference may be 
made to the work of Anderson and Swaby (1951) who 
showed that while dithizone as well as oxine was not 
toxic toward A. niger in a copper-deficient medium, 
these compounds became fungistatic when copper was 
supplied. These findings are supported by Albert e¢ al. 
(1956). It is possible that the inactivity of the metal 
complexes examined in this work may be due to their 
insolubility in the media. Also, their inactivity may be 
related to the fact that, in the state in which they were 
used, they were unable to penetrate the cell membrane; 
or even if this were possible, they could not further 
chelate metals. Further work on the activity of the 
TSC used in metal-deficient media is planned. 
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SUMMARY 


Forty thiosemicarbazones, mostly of aliphatic and 
aromatic aldehydes and ketones, together with 31 of 
their copper complexes, were examined for toxicity 
toward Chaetomium globosum, a cellulolytic fungus, and 


[vor. 8 


Aspergillus niger, a saprophyte. It was found that 
some of the thiosemicarbazones showed activity, 
whereas their corresponding copper complexes, with 
two exceptions, did not. Thus, it seems that the ac- 
tivity is mostly limited to the free thiosemicarbazone. 

Of the thiosemicarbazones tested, 9-undecenal thio- 
semicarbazone appeared to be effective for complete 
inhibition of both organisms at 10 ppm, the lowest 
concentration used. This activity is comparable with 
that of the standards used; viz., copper 8-hydroxy- 
quinolinolate and 2, 2’-dihydroxy-5 ,5’-dichlorodiphenyl 
methane. 
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It has been recognized for many years that some 
bacterial strains develop as flocculent masses when 
grown in culture media. These flocculent growths are 
referred to as zoogloeal masses when the bacteria are 
embedded in a slimy matrix. Zoogleal masses may be 
found adhering to solid objects in the presence of water 
or found free floating in water or settled as bottom 
deposits. Although several types of microorganisms 
may be part of a zoogloeal mass (McKinney and Hor- 
wood, 1952; McKinney and Weichlein, 1953), bacteria 
usually comprise the major portion of microbial growth. 
The bacterial genus Zoogloea, which has two recognized 
species, Z. ramigera and Z, filipendula, is outstanding 
as a producer of zoogloea. 

Zoogloea ramigera and Z. filipendula have been iso- 
lated principally from sewage (Butterfield, Ruchhoft, 
and McNamee, 1937; Butterfield and Wattie, 1941; 
Wattie, 1943), or from sewage treatment systems which 
employ oxidative methods; that is activated sludge 
systems or trickling filter beds. Consequently, pub- 
lished reports have been primarily concerned with the 
role of zoogloea in purifying sewage. Few investiga- 
tions of the nutrition and physiology of these organisms 
have been made. 

At present, differentiation of the two species is 
based solely upon characteristics such as cell size and 
shape of the zoogloeal mass as described in Bergey’s 
Manual of Determinative Bacteriology (Breed, Murray, 
and Smith, 1957). Several investigators have isolated 
zoogloea strains and have briefly reported on their 
general morphology and biochemical aspects (Butter- 
field and Wattie, 1941; Rich, 1955; Wattie, 1943). To 
date, the biochemical data are scant and in some in- 
stances quite contradictory, which may possibly be a 
result of the investigation of different organisms or 
possibly contaminated cultures. Pure culture isolation 
of zoogloea strains is difficult, for contaminating micro- 
organisms adhere to the gelatinous matrix of the zoo- 
gloeal clump. 

Practical importance of Z. ramigera is found in the 

' Portions of this investigation constitute part of a thesis 
submitted by Patrick Dugan to the Graduate School of Syra- 
cuse University in partial fulfillment of the requirements for 
the M.S. in microbiology. These studies were aided by support 
from the Microbiological and Biochemical Research Center, 
Syracuse University. 


organism’s ability to lower 5-day biochemical oxygen 
demand (BOD) in activated sludge systems by as 
much as 72 per cent within a 3-hr period (Butterfield, 
1935). Simple and rapid methods for growing mass 
cultures of Z. ramigera for subsequent use as seed 
cultures in small scale sewage or waste treatment could 
be useful; for example, pretreatment by industries 
prior to waste entry into a stream or community sewage 
system. Also, the organism may be useful (either alone 
or in mixed culture with algae or higher fungi) in re- 
cycling biological waste material in limited environ- 
ments, such as those proposed for space stations. 


EXPERIMENTAL METHODS AND RESULTS 


The strain of Z. ramigera studied was obtained from 
a raw water sample and was isolated using the tech- 
nique of Butterfield and Wattie (1941), as modified by 
McKinney and Horwood (1952). The isolation medium 
contained 0.2 per cent proteose-peptone (Difco)? and 
0.1 per cent yeast extract, adjusted to a final pH of 7. 
The isolation was carried out in 25- by 200-mm test 
tubes. The medium was aerated by a stream of sterile 
moist air which entered the culture vessel through a 
glass tube which was drawn out to approximately 1 
mm at the end. A second glass tube passing just through 
the stopper and packed with sterile cotton served as 
the air outlet. Single flocs separated from the isolation 
medium were dispersed in sterile water with the aid 
of glass beads and manual shaking and diluted through 
108. One-milliliter aliquots of the 10°, 107, and 108 
dilutions were added separately to culture tubes con- 
taining the proteose-peptone-yeast extract medium 
and aerated at 28 C for 48 hr. Any tube which showed 
turbidity prior to 48 hr was discarded. Tubes contain- 
ing only flocculent growth were carried through the 
same isolation procedure until culture purity was as- 
sured. 

No reference cultures of Z. ramigera were available; 
therefore, culture descriptions, as found in Bergey’s 
Manual (Breed, Murray, and Smith, 1957) and the 
publications of Butterfield (1935) and Wattie (1943), 
were used as guideposts for identification and classifica- 
tion. The following is a brief description of our zoogloea 
isolate: The organism tended to floc readily in liquid 


2 Difco Laboratories, Inc., Detroit, Michigan. 





Figure 1. Photograph of a wet mount of Zoogloea ramigera treated with a dilute solution of nigrosine showing typical fingerlike 
projections. Magnification 950, enlarged 2.5X. 


Figure 2. Photograph of a wet mount of Zoogloea ramigera treated with a dilute solution of nigrosine showing flocculent mass of 
cells. Magnification 950X, enlarged 2.5X. 


Figure 3. Photograph of an air-dried preparation of Zoogloea ramigera stained with crystal violet, showing rounded ends and 
‘‘beaded’’ appearance. Magnification 950X, enlarged 2.5X. 
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media with occasional free swimming rods which pos- 
sessed a single polar flagellum. The rods were approxi- 
mately | by 2 to 4 win size, possessed rounded ends, and 
stained gram negative. Figures 1 and 2 show the or- 
ganisms, as well as the ‘‘finger-like” projections fre- 
quently formed by these organisms (Butterfield, 1935). 
Figure 3 shows Z. ramigera cells as they are found in 
shaken culture. 


TABLE 1 


Complex and chemically defined growth media for 
Zoogloea ramigera 


Medium 


Type Components 
A Casein hydrolyzate (acid hydrolyzed)*, 0.39; saltst 
B Proteose-peptone (Difco), 0.2%; yeast extract, 0.1% 


C Medium B + 2.0% ethyl aleohol (v/v) 

D Phytone,f{ 0.38%; saltst 

EK Collagen hydrolyzate,§ 0.3% %; saltsT 

F Medium A + sodium acetate, 100 mg/L 

G Medium A + glycerol, 0.5% (v/v) 

H Medium A + biotin, 0.01 ug/ml; folie acid, 0.01 yg/ 
ml; thiamine, 1 ug/ml 

I Medium H + 1.0% ethyl aleohol (v/v) 

J Glycine, 0.5 g/L; pL-aspartie acid, 0.1 g/L; pL-pro- 
line, 0.1 g/L; pu-valine, 0.1 g/L; L-glutamic acid, 
0.1 g/L; pu-serine, 0.1 g/L; pi-methionine, 0.1 g/L 
salts;t vitamins as in medium H 

K Medium J + pt-alanine, 0.1 g/L 

L Medium J + pt-alanine 0.1 g/L; L-arginine, 0.2 g/L; 
L-histidine, 0.3 g/L; L-tryptophane, 0.3 g/L; pL- 
phenylalanine, 0.3 g/L; pu-lysine, 0.6 g/L; pL- 
tyrosine, 0.3 g/L; L-eystine, 0.2 g/L; pL-threonine, 
0.3 g/L; pu-isoleucine, 0.6 g/L; pu-leucine, 0.6 g/L 

M Medium J + glycyl-p-asparagine, 5 g/L; histidyl- 
histidine, 0.5 g/L; pi-alanyl-pu-valine, 0.5 g/L4 


N Medium L + guanido acetie acid, 70 mg/L; cytosine 
70 mg/L; adenylie acid, 70 mg/L; uracil, 70 mg/L 

0 Medium L + guanine, 70 mg/L; cytosine, 70 mg/L 
adenylie acid, 70 mg/L 

P Medium L + cytosine, 70 mg/L; adenylic acid, 70 


mg/L; uracil, 70 mg/L 

Q Medium L + adenylie acid, 70 mg/L; uracil, 70 mg/L; 
guanine, 70 mg/L 

R Medium L + guanido acetic acid, 70 mg/L; cytosine 
70 mg/L; guanine, 70 mg/L 


* Nutritional Biochemicals Co., Cleveland 28, Ohio. 
+ Salts were added to give the following concentrations in 
the media: Fe as FeSO,-7H:2O, 1 mg per L; Mn as MnSO,-H.0, 
1 mg per L; Zn as ZnSO,-7H2O, 1 mg per L; Mo as NaMoO,- 
2H.0, 1 mg per L; B as Na2B,O7-10H.O, 1 mg per L; Ca as 
CaCl.-2H.O, 1 mg per L; Co as Co (NO3)2°6H.O, 1 mg per L: 
Cu as CuSO,-5H.O, 1 mg per L; Mg as MgSO,, 10 mg per L; 
K»HPO,, 12.5 mg per L; KH2PO,, 25 mg per L. pH was ad- 
justed to 7.1 with NaOH; phosphates were sterilized separately 
and added to media. 

t Baltimore Biological Laboratory, Inc., Baltimore 18, Mary- 
land. 

§ General Biochemicals Co., Chagrin Falls, Ohio. 

€ Many other combinations of peptides, too numerous to 
list. were tested with essentially the same result as obtained 
with medium M. 
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Zoogloea ramigera grew both on solid substrates and 
in liquid media. Growth media tested included: beef 
extract, 1.0 and 0.1 per cent; tryptone-glucose broth, 
1.0 and 0.1 per cent; tryptone-glucose-yeast extract 
broth, 1.0 and 0.1 per cent; nutrient broth, 1.0 and 
0.1 per cent; proteose-peptcne-yeast extract broth, 1.0 
and 0.1 per cent. Solid media were prepared by the 
addition of 2 per cent agar. On agar plates incubated 
at 28 C, colonies developed within 48 hr and ranged 
from pin point size to a maximum of 4 to 5 mm by 72 
hr. Colonies were entire, cream to staw colored, and 
glistening; they appeared moist but were tough and 
leathery. The proteose-peptone-yeast extract broth 
supported the greatest amount of growth whereas 
media containing tryptone or proteose-peptone sup- 
ported more growth than did either beef extract broth 
or nutrient broth. 

With the use of the Redi Dise Technique,’ no acid 
reaction was observed in the inoculated nutrient broth 
growth medium supplemented with adonitol, arabinose, 
glucose, dulcitol, galactose, inositol, inulin, lactose, 
levulose, maltose, mannitol, mannose, melibiose, meli- 
zitose, raffinose, salicin, sorbitol, sorbose, starch, suc- 
rose, trehalose, and xylose. The carbon sources were 
added along with phenol red indicator to test for acid 
production. Zoogloea ramigera grew in all media tested. 
All media were adjusted to a pH of 7 and incubated 
for 14 days at 28 C. Other cultural data obtained from 
studies employing standard Difco differential media 
and standard bacteriological methods by the Society 


3 Pennsylvania Biological Supply Co., Philadelphia, Penn- 
sylvania. 


TABLE 2 
Comparison of growth of Zoogloea ramigera in complex 
and synthetic media 


Total Cellular Nitrogen* 


ug/ml of medium 


B 70.0 
C 54.0 
D 12.5 
E 3.4 
F 35.0 
G 40.5 
H 21.0 
I 136.0 
J 7.0 
K 18.0 
L 2.2 
M 8.5 
N 50.0 
O 100.0 
Pr 160.0 
Q 180.0 
R 105.0 


* The values represent the average of three separate growth 
experiments. 
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of American Bacteriologists (1957) included: no urea 
breakdown, no ciirate utilization as a sole carbon 
source, no indole production, no growth in MR-VP 
medium, no sulfur reduction, no gelatin liquefaction 
within 14 days, catalase-positive. Results of growth 
studies employing Difco vitamin assay media demon- 
strated a probable folic acid requirement. Other vita- 
min requirements were not conclusively demonstrated. 


Quantitative Estimation of Cell Growth in 
Complex and Chemically Defined Media 

A standard culture procedure was adopted to mini- 
mize effects of growth variables. Zoogloea ramigera was 
grown in 250-ml Erlenmeyer flasks using 50 ml of me- 
dium adjusted to pH 7. Flasks were shaken on a rotary 
shaker for 48 hr at 28 C. Cell growth was measured by 
determining total cellular nitrogen per ml of medium. 
Prior to nitrogen determination, 50 glass beads were 
added to each flask and the flasks shaken for 3 min to 
break up flocs and facilitate an even distribution of 
small cell clumps. Either 1, 2, or 3 ml of medium (de- 
pending upon observed amount of growth), was pipetted 
into Pyrex centrifuge tubes and centrifuged for 5 min. 
The supernatant was discarded and the remaining cell 
pellet washed with distilled water; the washing was re- 
peated three times. Total cellular nitrogen was de- 
termined directly in the centrifuge tube, using the 
ultramicro-Kjeldahl method of Niss (1958). The dif- 
ferent growth media investigated are described in 
table 1. The results of the growth studies using complex 
and synthetic media are shown in table 2. 


Discussion 

The organism which has been isolated and identified 
as Zoogloea ramigera agrees with those descriptions 
found in the literature. Depending upon the cultural 
methods employed, differences in cell size, floc size, 
and shape were noted. Differentiation of the two recog- 
nized species, Z. ramigera and Z. filipendula, is at 
present. based primarily upon cell size, shape, and 
appearance of flocs; therefore, the present classifica- 
tion of the two species appears to be of questionable 
value. 

No utilization of carbohydrate compounds could be 
demonstrated. Two- and three-carbon compounds 
(aleohol, acetate, and glycerol) were metabolized by 
the bacterium which led to small growth increases for 
acetate and glycerol (media F and G) and a sizable 
increase for ethanol (medium 1). Proteinaceous ma- 
terial was utilized by Z. ramigera (medium B) which 
was always accompanied by a rise in pH of the growth 
medium. 

Because a moderate amount of growth was obtained 
in a casein hydrolyzate-salts medium (medium A) and 
a chemical analysis was available on commercial casein 
hydrolyzate, this medium was selected as a “‘reference”’ 
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medium for comparing growth in different media, and 
as a guide in establishing a chemically defined medium. 
Failure of a prepared “synthetic” casein hydrolyzate 
(medium L) to support growth comparable to the com- 
mercial hydrolyzate (medium A) led to the conclusion 
that some factor(s) was in the commercial mixture 
which had not been accounted for in the analysis. A 
growth study of a number of peptides gave results 
which indicated that peptides were not the missing 
factor(s) (medium M). The presence of purines, pyrim- 
idines, and nucleotides appeared to enhance growth 
considerably (media N, O, P, Q, R), although no at- 
tempts were made to determine the optimal growth 
concentrations of these additions. Our investigation of 
the nucleotides, purines, and pyrimidines was stimu- 
lated by the study of the growth factor requirement of 
a marine Flavobacterium as reported by MacLeod, 
Hogenkamp, and Onofrey (1958). 

Total cellular nitrogen was considered the best single 
method for quantitating growth. The more common 
methods of growth measurement such as relative tur- 
bidity, plate counting, and direct counting were not 
applicable because of the flocculent nature of the micro- 
organism. Furthermore, dry cell weights were imprac- 
tical because in many instances there was a limited 
amount of growth. Total nitrogen as an index of growth 
does have the disadvantage of not measuring non- 
nitrogenous cellular material (e.g., polysaccharide) 
synthesized, in the presence of certain growth stimu- 
lating compounds. 

The development of a chemically defined media will 
greatly facilitate subsequent investigations of Zoogloca, 
particularly nutritive and metabolic studies. 


SUMMARY 


The isolation of the floc-forming organism Zoogloea 
ramigera was described. Growth of the organism in 
complex and chemically defined media was compared. 
Growth in chemically defined media was greatly stimu- 
lated by nucleotides and purine and pyrimidine com- 
binations. Total cellular nitrogen was used as a measure 
of growth. 
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In 1898 Voges and Proskauer found that a pink 
color developed when strong KOH solution was mixed 
with peptone glucose broth cultures of certain bac- 


teria. According to Harden (1906), acetylmethyl- 
sarbinol formed from the carbohydrate becomes 


oxidized in the alkaline solution to diacetyl, which in 
turn reacts with a substance in the peptone, probably 
the guanidine group of arginine, to produce a fluores- 
cent pink color. A number of modifications of the 
original procedure have been devised to enhance the 
color and lessen the time required for its development. 
Many of these modifications were attempts to increase 
the rate of oxidation of the acetylmethylcarbinol. 
Levine, Weldin, and Johnson (1917) used H2O2, BaQOz, 
and K:,Cr.0;; Bedford (1929) employed NazO.; Werk- 
man (1930) used FeCl;; and Leifson (1932) added a 
mixture of CuSo, and NH3. 

Another approach was suggested by O’Meara (1931) 
who added creatine to increase the number of reacting 
guanidine groups, thus intensifying the color reaction. 
His method proved cumbersome in practice, and Levine, 
Epstein, and Vaughn (1934), simply included the 
creatine as a 0.3 per cent solution in the KOH. Barritt 
(1936) combined both improvements, using 1-naphthol 
as oxidation catalyst in addition to creatine as the 
source of guanidine groups; he was able to detect 
acetylmethylearbinol at dilutions as high as 1:2,500,- 
000. According to Lang (1932), who suggests a struc- 
tural formula, the red color is formed from two mole- 
cules of diacetyl and three molecules of creatine. 

An important technical problem arises in connection 
with the Barritt VP test. This is the discoloration of 
l-naphthol that occurs on standing. The day crystals, 


as well as Barritt’s 5 per cent alcoholic solution, turn 
pink, redden further, and finally become quite brown. 
This discoloration interferes with observation of the 
color in positive tests, and may also create colors which 
will lead to false positive readings. No mention is 
made of these difficulties in the usual directions for 
preparing and using the VP reagents. Brodie (1951) 
used 1-naphthol in the colorimetric determination of 
total body water and described its purification by 
sublimation on a sand bath under a fume hood. In 
their quantitative studies of acetylmethylearbinol pro- 
duction, Leone and Hedrick (1954) prepared their 
test reagent fresh each time it was used. 


PURIFICATION 


Commercially obtained preparations of 1-naphthol 
from several sources all were more or less discolored. 
Purification by ordinary steam distillation was sug- 
gested to us by Shepherd of the Department of Bio- 
chemistry, who was using this method to purify 1- 
naphthol in another connection. A simple assembly 
such as that used in elementary organic chemistry 
was all that was required. A 1-L distillation flask was 
filled not over half full of crude discolored 1-naphthol. 
The flask was connected to a Liebig condenser cooled 
by running water. The distillation flask was closed 
with a stopper through which passed a glass tube 
extending to the bottom of the flask. This tubing was 
connected to another flask of boiling water, suitably 
stoppered to pass steam to the distillation flask. The 
distillate was collected in an Erlenmeyer flask, where 
white needlelike crystals of 1-naphthol separated from 
the fluid. The colored impurities remained behind. 
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During distillation, the condenser tended to fill, with 
a risk of plugging, but stopping the water circulation 
temporarily prevented the trouble. The recovery of 
purified l-naphthol was better than 80 per cent. 
Filtered off and stored in a dark glass bottle under 
refrigeration, the crystals remained colorless for more 
than 1 year. Alternatively, the receiving flasks them- 
selves were simply stoppered and stored in the refrig- 
erator, and wet crystals were weighed out as needed 
for preparation of the reagent. VP reagent prepared 
from colorless crystals darkens far more slowly than 
when discolored 1-naphthol is used. 

The following is a simple procedure for determining 
the VP reaction: MR-VP medium (commercial) is 
sterilized in suitable bulk and dispensed aseptically in 
13- by 100-mm capped tubes. A tube is inoculated with 
0.05 ml of overnight brain heart infusion broth cul- 
ture. The culture is incubated 2 days at 30 C. To the 
culture are added 10 drops of a 5 per cent (w/v) solu- 
tion of l-naphthol in 95 per cent ethanol, and 10 
drops of KOH or NaOH, aqueous, 40 per cent (w/v) in 
which has been dissolved 0.3 per cent (w/v) of creatine 
hydrate. The tube is shaken vigorously so that it 
foams, then allowed to stand at room temperature. 
When the reaction is positive, a pink color appears at 
the surface, intensifies, and spreads downward through- 
out the solution. Readings can usually be made after 
allowing the tube to stand for 15 min; it should be 
shaken again when read in order to intensify the color. 
The pink positive test is clear, definite, and usually 
detectable in the froth by the time the first shaking is 
terminated. The color persists for hours but eventually 
disappears. The color of negative tests is the pale 
amber of the medium itself: 

Carried out as described, the VP test is simple, 
reliable, and reproducible. The positive or negative 
characteristic of a culture so determined is stable in 
stock culture. The test has been applied to hundreds 
of cultures of enteric bacilli, including Klebsiella, 
Aerobacter aerogenes, the Oxytocum group, the Hafnia 
group, Serratia marcescens, the slow-lactose-fermenting 
paracolon bacilli, and Proteus mirabilis. Species of the 
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genera giving consistently negative reactions included 
Salmonella, Shigella, Proteus (except P. mirabilis), 
and the Arizona and Bethesda groups. 


SUMMARY 


Purification of 1l-naphthol for use in the Voges- 
Proskauer reaction by steam distillation yields a reagent 
that is more stable and is free from interfering color. 
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the The introduction of a 16a-hydroxyl group into 118, 16a,17aa-trihydroxy-17a8-hydroxymethyl-1 ,4-p- 
; Ya-fluorohydrocortisone by Streptomyces roseochromo- homoandrostadiene-3 , 17-dione and the 1 ,2-dihydrotri- 
" ” genus (S. roseochromogenes) yields 9a-fluoro-116 , 16a, amcinolone isomer is 9a-fluoro-118,16a,17aa-trihy- 
1e 5 ap : -_ - 2 47 
17a ,21-tetrahydroxy-4-pregnene-3 ,20-dione (Thoma et droxy-17a8-hydroxymethyl-4-p-homoandrostene-3 , 17- 
— al., 1957). The further introduction of C-1,2 double dione. 
77, bond yields the therapeutically active compound tri- The isomers have been found in large quantity in 
amcinolone (9a-fluoro-118, 16a, 17a ,21-tetrahydroxy- fermentations carried out in the presence of excessive 
ak- | ,4-pregnadiene-3 ,20-dione). This latter step may be iron. The mode of formation of the isomers is non- 
ing “df i ier , < ; a 
tis: accomplished with a number of microorganisms, among biological. Appropriate substrate added to non- 
80). which are Corynebacterium simplex (Bernstein et al., inoculated media or to media containing heat killed 
tyl- 1956), Mycobacterium rhodochrous (Thoma ef al., 1957), organisms results in extensive isomerization when 
and Bacterium cyclo-oxydans (Kroll et al., 1958). The such media contain iron. The isomerizations in iron 
ris l6a-hydroxylated products of both of these microbio- tanks were so extensive that means were sought of 
10n ° * ; . ° ° . ° ° 
9 logical steps are susceptible to isomerization under a overcoming these undesirable reactions. This paper 
variety of conditions, yielding p-homoannulated, biolog- presents the results of these investigations. 
The ically inactive products. The structural relationships of 
like active, normal steroid and inactive isomer have been de- MaTERIALS AND METHODS 
ie scribed by Smith et al. (1960) and are summarized in 16a-Hydroxylation. A fermentation medium con 
wo figure 1. Thus, the triamcinolone isomer is 9a-fluoro- sisting of (per L): starch, 40 g; corn steep liquor, 25 g 
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hydrocortisone 
Figure 1. Isomerization of 9a-fluoro-16a-hydroxyhydrocortisone and triamcinolone 
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‘alcium carbonate, 5 g; and lard oil, 0.2 per cent by 
volume, was inoculated with a 24-hr vegetative growth 
of S. roseochromogenes strain ATCC No. 3347 grown 
in a seed medium consisting of (per L): sucrose, 30 g; 
corn steep liquor, 20 g; calcium carbonate, 5 g; and 
ammonium sulfate, 2 g. All media were dispensed in 
50-ml amounts in 250-ml Erlenmeyer flasks. All incu- 
bations were carried out at 26.5 C on a rotary shaker 
(185 rpm, 2-inch throw). After 24 hr aeration a solu- 
tion of 9a-fluorohydrocortisone in dimethylformamide 
was added to the fermentation flasks such that the 
final dimethylformamide concentration did not exceed 
2 per cent by volume and the final steroid concentra- 
tion was 250 or 500 ug per ml, depending upon the 
experiment. 

1 ,2-Dehydrogenation. This was carried out with 
Bacterium cyclo-oxydans strain ATCC No. 12673 using 
for both seed and fermentation a medium consisting 
of (per L): commercial glucose, 20 g; yeast extract, 5 
g; peptone, 5 g; tryptone, 5 g; and calcium carbonate, 
2.5 g. Incubation conditions were the same as above. 
The substrate in this case was 9a-fluoro-118 ,16a,17a, 
21-tetrahydroxy-4-pregnene-3 ,20-dione (1 ,2-dihydro- 
triamcinolone). Conversions were in this case ter- 
minated by pasteurization for 5 min at 70 C to avoid 
reversion (Goodman, May, and Smith, 1960). 

Assays. The degree of 16a-hydroxylation and 1,2- 
dehydrogenation were measured polarographically on 
suitably extracted broth samples taken at 48 hr for 
the 16a-hydroxylation and at 24 hr for the 1 ,2-dehydro- 
genation. Since polarography did not measure the 
degree of isomerization, paper chromatography was 
extensively relied upon, particularly System II of 
Smith et al. (1959) in which the isomers have a mobility 
of 50 to 60 per cent that of their parent compounds. In 
a few cases the paper chromatograms were evaluated 
semiquantitatively by an instrumental method in- 
volving reflectance of ultraviolet light (McCormick, 
J. R. D., and McGarvey, W. J., Unpublished Results). 


RESULTS 


16a-Hydroxylation. As previously indicated (Smith 
et al., 1960) isomerization in fermentations occurred 
mainly under conditions when excessive iron was 
present. This was conveniently established in the 
laboratory by the addition of a 10-em length of 14- 
gauge iron wire bent to fit the fermentation flask. The 
wire was added to the medium before sterilization 
though its presence any time during the run, whether 
before or after sterilization or before or after steroid 
addition, was sufficient to induce extensive isomeriza- 
tion. Ferric or ferrous iron added to the media at 100 
mg per L similarly induced isomerization. Other cations 
(Cut, Al*+*++, Cot, Nit, Cr*+*, Zn**, Mnt*, Sn**) 
added at levels of 100 mg per L did not induce isomeri- 
zation. 
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The following were not effective in moderating the 
effect of iron wire: (a) anodic protection using pieces 
of zinc, magnesium, or galvanized wire fixed to the 
iron wire; (b) methanol or ethanol added to the medium 
(Moyer, 1953); (c) chelating agents such as citrate, 
Versene FE-3 Specific! organic complexing agent, or 
Sequlene glucoheptonic acid.” 

Of the materials tested, only phosphates moderated 
the effects of iron. Depending upon the level added to 
the medium, both dibasic and monobasic potassium 
phosphate eliminated iron-mediated isomer formation. 
In order not to affect the pH pattern adversely and 
thus the degree of either 16a-hydroxylation or 1,2- 
dehydrogenation, the dibasic salt was preferred. The 
effect of dipotassium hydrogen phosphate added to 
the medium is shown in table 1. 

The protective effect of phosphate was found to 
depend upon the calcium content of the medium. When 


! Dow Chemical Company, Midland, Michigan. 
* Pfanstiehl Laboratories, Inc., Waukegan, Illinois. 


TABLE 1 
Effect of phosphate on iron-induced isomerization during 16a- 
hydroxylation of 9a-fluorohydrocortisone 


No Iron Wire Present Iron Wire Present 


Phosphate 


Added Amt Polaro- Polaro- 
graphic Paper chromato- |graphic | Paper chromato- 
anal- gram analysist anal- gram analysis 
ysis* ysis 
g/L % % 
None.. 84 | Product only | 84 | Isomer only 
KH:2PO;...} 1 | 66 | Substrate 90 | Substrate, 


and product product, 


and isomer 


KH2POs,. . 3 41 Substrate and) 40 | Substrate and 
product product 

KH.PO;.... 5 | 30 | Substrate and) 57 | Substrate and 
product product 

KeHPOs. . 5 | 100 | Product only | 100 | Product only 


* Measured after differential extraction. The procedure 
measures only the degree of 16a-hydroxylation but does not 
distinguish between product and isomer. 

+ Substrate: 9a-fluorohydrocortisone, 500 wg per ml added; 
product: 9a-fluoro-l6a-hydroxyhydrocortisone; isomer: 9a- 
fluoro-118, 16a,17aa-trihydroxy -17a8 -hydroxymethyl-4-p -ho- 
moandrostene-3, 17-dione. 


TABLE 2 
Effect of calcium carbonate and dipotassium hydrogen phosphate 
content of a medium containing iron on isomer formation 


KeHPO, (g/L)* 


CaCOs ——— a es rE 
0.5 1.0 3.0 
g/L 
1.0 _ _ _ 
3.0 — _ a 
5.0 _ + | = 
* + = isomer present; — = isomer absent. 
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ralclum carbonate, the normal buffering agent, was 
omitted from the medium and instead, the medium 
was adjusted to a pH of 7.0 before sterilization, no 
isomerization occurred under the influence of iron. 
When calcium carbonate (or calcium chloride or 
magnesium carbonate) was added back to such media 
containing iron, isomer formation was again induced. 
The relationship between the calcium carbonate and 
dipotassium hydrogen phosphate content of the medium 
with regard to isomerization is shown in table 2. 

Besides the orthophosphates already mentioned, 
trisodium phosphate was also effective in controlling 
iron-induced isomerization. Other effective phosphates 
included metaphosphate (NaPO;),, sodium pyrophos- 
phate (Na P20;-12H.O), and several complex con- 
densed phosphates. Hypophosphite and ethyl am- 
monium phosphate were not effective. 

The control of iron-induced isomerization by phos- 
phate is immediate. If phosphate is added to a system 
which has already begun to produce isomer there is 
an abrupt halt in further isomer formation. This is 
illustrated in figure 2. 

A number of other steroids, including hydrocorti- 
sone (118,17a,21-trihydroxy-4-pregnene-3 ,20-dione), 
prednisolone (118,17a,21-trihydroxy-1 ,4-pregnadiene- 
3,20-dione), and 11-epi-hydrocortisone (1la,17a,21- 
trihydroxy-4-pregnene-3 ,20-dione), when subjected to 
l6a-hydroxylation by S. roseochromogenes in the pres- 
ence of iron give rise to a major product with a paper 
chromatogram mobility characteristic of the 16a-hy- 
droxy-b-homoannulated steroid (7.e., more polar), with 
little or no normal 16a, 17a ,21-trihydroxy-20-ketoster- 
oid product. When dipotassium hydrogen phosphate is 
added back to such iron-containing fermentations the 
anticipated 16a-hydroxylated normal steroid is the prod- 
uct rather than the more polar isomer. Although these 
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Figure 2. Effect of phosphate added 24 hr to an iron-con- 
taining medium. O---O, substrate (9a-fluorohydrocorti- 
sone); (J—-—O, normal product (9a-fluoro-118,16a,17a,21- 
tetrahydroxy-4-pregnene-3,20-dione); A—— A, 
product. 


isomerized 


suspected rearrangement products were not isolated and 
characterized, their formation as p-homoanalogues of 
triamcinolone isomer and of 1 ,2-dihydrotriamcinolone 
isomer has been assumed. The postulated rearrangement 
products were not examined further. 

C-1,2-Dehydrogenation. The similarity in results 
between the 16a-hydroxylation fermentation and 
1 ,2-dehydrogenation in which iron is present. is strik- 
ing. In a normal fermentation only 9 per cent of the 
products of the dehydrogenation of 9a-fluoro-16a- 
hydroxyhydrocortisone was found to be triamcinolone 
isomer. When iron wire was present in the medium, 70 
per cent of the products found was triamcinolone 
isomer. On the addition of 2 g per L of potassium 
dihydrogen phosphate to the latter medium, isomer 
formation was reduced to 18 per cent and a further 
increase in the amount of phosphate to 5 g per L 
resulted in further reduction of isomer formation to the 
control level. 


DISCUSSION 


In contrast to the p-homoannulation of 17a-hydrox- 
yprogesterone by Aspergillus niger where viable 
microorganism is required (Fried et al., 1952), the 
isomerizations discussed herein were nonbiological. 
They were, however, of such a magnitude that opera- 
tion in iron tanks was not feasible. The use of phosphate 
made operation in such tanks practical. 

The protective effect of phosphate is probably due 
to its ability to complex iron and other metals (Van 
Wazer and Callis, 1958). The interrelation between 
the phosphate and calcium content may be due to the 
formation of insoluble calcium phosphates, a reaction 
which does not leave sufficient soluble phosphate in 
the medium to complex the iron. Media without cal- 
cium carbonate contain enough free phosphate to 
counteract the added iron, but as calcium carbonate 
(or calcium chloride or magnesium carbonate) is added 
to such a medium, additional phosphate must be added 
to complex the iron which would otherwise result in an 
isomerized steroid product. 

There is at present no sound basis for establishing a 
stoichiometric relationship between the iron present in 
the medium and the amount of phosphate required to 
counteract it. However, in a few cases with the S. 
roseochromogenes system, 25 mg per L of iron did not 
result in an isomerized product, whereas 100 mg per L 
of iron added to the system did. Since 3 to 5 g per L 
of dipotassium hydrogen phusphate added to such 
media were sufficient to counteract the iron, it can be 
calculated that about 45 mg of phosphate ion are 
required to counteract about 1 mg of iron. 
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SUMMARY 


The formation of p-homoannulated isomers during 
the 16a-hydroxylation of 9a-fluorohydrocortisone and 
other steroids by Streptomyces roseochromogenes was 
found to be nonbiological and to be induced by ex- 
cessive iron in the medium. This iron-induced isomeri- 
zation could be prevented by the addition of phosphate 
to the medium. Similar isomerizations during the 1 ,2- 
dehydrogenation of 9a-fluoro-16a-hydroxyhydrocor- 
tisone by Bacterium cyclo-oxydans could also be pre- 
vented by the addition of phosphate. 
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The occurrence of Salmonellae in eggs and egg solids 
(Wells ef al., 1958) is more common than desirable. The 
presence of pathogenic species of these bacteria in 
egg products constitutes a hazard to public health and 
Salmonellae should be eliminated if the product is to 
be used for human consumption. Aspects of this 
problem have been reviewed by Hinshaw and McNeil 
(1951). 

The fermentative desugaring of egg white has been 
reviewed by Ayres (1958). During these fermentations, 
contaminating Salmonellae multiply rapidly. Several 
microorganisms have been reported to produce sub- 
stances antagonistic to Salmonellae, a mechanism which 
suggests an additional approach for controlling the 
growth of Salmonella species which might occur in 
egg white fermentations. Among the antagonists of 


1A report of work done under contract with the United 
States Department of Agriculture and authorized by the 
Research and Marketing Act of 1946. The contract was super- 
vised by the Western Utilization Research and Development 
Division of the Agricultural Research Service. 


Salmonellae are the Streptomyces which produce thio- 
aurin (Bolhofer et al., 1953), spiramycin (Ravina ef al., 
1956), raisnomycin (Barr and Carmen, 1956), and 
kanamycin (Gourevitch et al., 1958). A fungus, Ceph- 
alosporium salmosynnematum, produces synnematin B 
(Olsen and Jennings, 1954). Bacterial antagonists are 
Bacillus polymyxa (Stansley e! al., 1947) producing 
polymyxin and certain Escherichia coli strains which 
produce colicines (Frederieq, 1957; Cook et al., 1953). 

The objective was to find an organism that would 
(a) ferment glucose from egg white, and (b) simul- 
taneously inhibit or eliminate any contaminating 
Salmonellae. Although a number of organisms produce 
substances antagonistic to one or more species of 
Salmonellae, fewer organisms are capable of performing 
the dual role of fermentation and inhibition. To ac- 
complish these two requirements in a useful manner, 
the ideal organism should be nonproteolytic, non- 
pathogenic, and produce no pigmented materials, off- 
odors, or off-flavors. 
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Because of the mutual antagonism known to exist 
among certain coliform bacteria (Levine and Tanimoto, 
1954), particular attention was directed toward this 
group. Colicines are highly specific antibiotic substances 
or complexes of antibiotic substances which are pro- 
duced by certain strains of Enterobacteriaceae, and 
which act upon other related strains (Fredericq, 1957). 
Several strains of F. coli which inhibit Salmonellae 
were given special consideration. The most promising 
strain, 6-204-55,? was extensively studied. 


MATERIALS AND METHODS 


Cultures. In an attempt to find antagonists for 
Salmonellae, a streptomyces, yeasts, 
bacteria, and fungi was obtained from Dr. Lynferd J. 
Wickerham of the Northern Regional Research Lab- 
oratories at Peoria, Illinois. Several colicine-producing 
cultures of Escherichia were received from Dr. Max 
Levine of the State Health Department of Hawaii. In 
addition to these cultures (and our own stock culture 
collection), more than 700 isolates were made from 
soil, water, fruit, bovine rumen contents, and stools 
from chickens, dogs, cats, mice, cattle, and humans. 

Three cultures, Salmonella senftenberg 2623, Sal- 
monella oranienburg 200E, and Salmonella typhimurium 
TM-1, were obtained from the Western Regional Re- 
search Laboratories at Albany, California. 

Media. The media used were (a) Difco* tryptone 
glucose extract agar, (b) Difco nutrient broth, and (c) 
the highly selective brilliant green selenite medium of 
Stokes and Osborne (1955). Agar was added to brilliant 
green selenite broth for Salmonellae plate counts. To 
determine whether the organisms would ferment 
glucose from egg white, sterile egg white was adjusted 
to pH 6.5 with 20 per cent citric acid, and inoculated 
with an active broth culture of the antagonists of 
Salmonellae. The pH of the egg white culture was 
recorded after 72 hr incubation. Gas production by 
these antagonists was tested in nutrient broth to which 
1.0 per cent glucose had been added, and proteolysis 
was determined in 10 per cent gelatin. 

Screening method. In the early phase of searching 
for antagonists of Salmonellae, 10 to 20 isolated colonies 
were picked from each plated sample and screened 
against the three cultures of Salmonellae. 

So few antagonists of Salmonellae were found by 
this method that a more rapid technique had to be 
devised. Those colonies which showed inhibition of EF. 
coli ATCC 26 generally inhibited growth of one or 
more of the three species of Salmonellae used in the 
screening study. Dilution plates of sample material 


collection of 


? State Department of Health, Honolulu, Hawaii. 

’ Difco Laboratories, Inc., Detroit, Michigan. This does 
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were sprayed with a test culture of E. coli ATCC 26 
after incubation for 48 hr, and the plates were incu- 
bated an additional 24 hr at 37 C. At the end of this 
second incubation period, plates were examined for 
zones of inhibition. The described procedure which 
employed a nonpathogenic test culture facilitated 
screening. Colonies showing antagonism to the test 
culture of EL. coli were then compared with the three 
cultures of Salmonellae. 

In screening cultures which might inhibit Salmonellae, 
the method used was essentially that of Fredericq and 
Levine (1947). Tryptone glucose agar plates were 
poured and allowed to cool. The bottom of the plate 
was divided into six segments by marking with a wax 
marking pencil, and a spot inoculation of the suspected 
antibiotic-producing organism was made in each seg- 
ment. After the plates had incubated at 37 C for 48 
hr, the cultures were killed by adding 1 ml of chloroform 
to the agar surface. After waiting for 2 hr, the lids were 
again removed and the chloroform was allowed to 
evaporate. A 90-mm diameter sterile filter paper disk 
was placed on the agar surface and saturated with a 
24-hr broth culture of the Salmonellae test. organism. 
The saturated disk was removed and the plate reincu- 
bated for 24 hr at 37 C, at which time the zones of 
inhibition were recorded. 


RESULTS AND DIscUSSION 


Screening results. During the course of screening for 
antagonists to Salmonellae, more than 700 isolates 
(from both screening procedures) were compared with 
each of the three cultures of Salmonellae used in the 
study. As shown in table 1, 19 cultures isolated in our 
laboratories and six cultures obtained elsewhere 
showed activity against one or more of the three 
species of Salmonellae. In comparing the activity ranges 
of the antibiotics produced under the test conditions, 
it will be noted that Bacillus polymyxa strain NRRL 
B-510 RHG showed the greatest zones of inhibition to 
all three species of Salmonellae. 

Egg white as growth medium for B. polymyxa. A con- 
centrated effort was made to encourage growth of B. 
polymyxa in egg white. Individual supplements of 
enzymatic hydrolyzed peptone, tryptone, 
asparagin, and yeast extract were made to sterile egg 
white. In addition, a mixture of hydrolyzed casein, 
glucose, B-complex vitamins, and mineral salts was 
added to egg white in attempts to support growth of 
B. polymyxa. None of the supplements was effective. 
The basis for using supplements in egg white to pro- 
duce growth of B. polymyxa was that several bacterial 
inhibitors are known to be present in egg white. 
Launer and Fraenkel-Conrat (1951) found evidence 
for an avidin-biotin complex in an isolated system. 
Katznelson and Lockhead (1944) established the biotin 
requirements for B. polymyxa from 10 to 75 xX 10-" g 
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per ml of medium. Feeney and Nagy (1952) reported 
the antibacterial effect of conalbumin which binds iron 
and makes it unavailable for microorganisms. Addi- 
tional supplements which were used did not overcome 
the antibacterial activity of egg white. 

A final attempt was made to inactivate some of the 
antibacterial proteins in egg white with heat and 
peroxide. Fraenkel-Conrat and Feeney (1950) reported 
that 80 per cent of the iron binding activity of con- 
albumin was destroyed at 70 to 79 C for 3 min. We 
hoped to obtain partial inactivation of conalbumin by 
a longer treatment at a lower temperature. The anti- 
bacterial action of lysozyme is well known and its 
activity may be destroyed by treatment with peroxide 
(Meyer et al., 1936). 

Ten-milliliter volumes of sterile egg white at pH 
6.5 were held for 24 hr at 48 C, treated with 0.1 per 
cent hydrogen peroxide, and allowed to stand at room 
temperature for 72 hr. After that period, the medium 
was inoculated with one loop of a heavy cell suspension 
of B. polymyxa from an agar slant. This treatment 
also failed to produce a suitable growth medium for B. 
polymyxa. 

Physiological properties of antagonists. Some physio- 
logical properties of the antagonists to Salmonellae 


TABLE 1 


Inhibition of three Salmonellae species by antagonists 


Zone of Inhibition of Salmonellae Species 
Test Organism and Source 


2623 200E TM-1 

Escherichia coli 1673A.. 4-5 NC* 8-9NC 8 NC 
E. coli H-23... 4NC | 23NC 2NC 
E. coli H-10 3NC 1NC 2NC 
E. coli 6-204-55 4-8 NC 9NC 5 
Bacillus polymyra NRRL 

B-510 RGH 20 30 30 
Bacillus subtilis W-96. . 10 NC 5 NC 5 NC 
Rumen 8 2 0 0 
Rumen 10... a. 12 4-6 NC 4 
Rumen 14 g a 11-12 4-6 4-6 
Pear 1. 2 2 5 
Pear 4 ee ye 5 3 5 
Soil 8 seca i Sre 0 0 is ae 
Soil 9 bf 0 3 0 
Soil 10 - 9 5-6 7-8 
Soil jar #2... 8 4-5 3 
Soil jar *2 (3) 5 NC 5 NC 6NC 
Soil jar F (5). 8 NC 6NC 7 
Weed root soil (3)... 4NC 8 NC 5 NC 
Wild oat soil (2).. 4 3 2 
Pond water 3 3 3 
Drain ditch soil 2-4 1 1 
Fishworm 10NC_ 10-14 NC 14NC 
Pond mud. 2NC 1 2-3 NC 
Boron soil 1 2 2 3 
Boron soil 2 3 2 2 


*NC = zone of inhibition not complete. 
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are given in table 2. Gas production was observed in 
Durham fermentation tubes, and gelatin liquefaction 
was used as an index of proteolysis. Gram stains were 
made from 24-hr cultures grown in tryptone glucose 
extract broth. The pH readings were made after 72 
hr incubation (at 30 or 37 C) on cultures grown in 
sterile egg white. 

With the exception of the four EZ. coli strains ob- 
tained from Dr. Max Levine, only four of the anta- 
gonistic isolates were gram negative. The gram nega- 
tive bacteria such as EL. coli, Aerobacter aerogenes, and 
Pseudomonas species grew well in egg white, whereas 
most gram positive organisms were inhibited by lyso- 
zyme or other antibacterial proteins in egg white. 
Since growth of the organism in egg white was an 
essential requirement, many of the antagonistic isolates 
were excluded from further study. 

Seventeen of the 25 antagonistic cultures liquefied 
gelatin. In fermenting the glucose from egg white, it is 
essential that the protein remain unaltered to main- 
tain functional properties of the product and _ that 
flavor and odor are not adversely affected. For these 
reasons, most of the remaining cultures which grew in 


TABLE 2 


Some physiological reactions of Salmonellae antagonists 


Gas 
Test Organism from 
Glucose 


Gelatin Gram 


* 
Liquefaction | Stain pH 


Escherichia coli 1673A.. a _ _ 5.80 
E. coli H-23.. + 
ee | — _— _ 5.80 
E. coli 6-204-55 ' + 
Bacillus polymyxa NRRL B- 

re 


510 RGA... 56: c= + | 6.58 
Bacillus subtilis W-96. esta - + Slow; + 6.48 
Rumen 8 ag - - a 4 6.10 
Rumen 10 (lost)... ; = ne es 
Rumen 14 (lost). .... _ + + 
Pear 1 Rsaen _ + + | 6.08 
Pear 4 ; Bs ; _ + + 6.08 
NO since a oe rs + | 5.98 
Soil 9 : Pe eee a — } + 6.00 
Soil 10 ee _ + | te | Bee 
Soil jar #2 (lost)... + 3 = 
Soil jar #2 (3).... achm - + + 5.81 
etl Saree 10) 65-55 45 5. ; = + Slow + | 5.81 
Weed root soil (3)... ........ _ + + | 6.58 
Wild oat soil (2)..... ae _ + + 6.10 
Pond water.......... : + + aa 7.98 
Drain ditch soil. ..... _ + — 6.58 
Fishworm..........-. _ - _ 8.30 
Pond mud Perit ; _ + = 8.00 
Boron soil 1. a 4 + 5.92 
Boron soil 2. _ _ + 6.10 
Central... 2.26655 Skt 2 6.58 


* After 72 hr in egg white. 
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egg white were eliminated because of their proteolytic 
activity. 

I’ffects of glucose on antagonistic activity of E. coli 
toward Salmonella. Since the antagonistic LF. coli 
cultures appeared to be the most suitable organisms 
for glucose removal from egg white and also for in- 
hibition of Salmonella, it was of interest to determine 
what effect glucose had on antagonism. Glucose con- 
centrations were varied from 0 to 1.0 per cent in nutrient 
broth. One series of tubes was inoculated with 200 to 
500 cells of S. senftenberg 2623 per ml and the second 
with the same Salmonella inoculum with the addition 
of approximately 20,000 cells of H. coli strain 6-204-55 
from a 24-hr broth culture. 

The effect on the Salmonella population of varying 
the glucose concentration is shown in table 3. When 
S. senflenberg was the only organism present, the 
population increased at about the same rate during 
the first 24-hr period with or without glucose. However, 
after incubation for 48 and 72 hr, the population de- 
clined rather sharply in the cultures containing glucose, 
probably as a result of acid formation. The pH deter- 
minations after 72 hr incubation showed an average 
value of about 4.5 as compared to 7.5 when glucose was 
not present. 

When simultaneous inoculation of S. senftenberg 
2623 and E. coli 6-204-55 was made, the multiplication 
of Salmonella was sharply affected after 24 hr incubation 
and more noticeable where glucose was present in the 
medium. After 48 hr incubation only about 20 Sal- 
monella cells remained per ml of medium when glucose 
was present, but large numbers in the absence of 
glucose. No viable Salmonella cells remained in the 
glucose cultures after 72 hr incubation, as determined 
by plating. This was confirmed by subculture of 1-ml 
aliquots of each culture in quintuplicate to 10 ml of 


brilliant green selenite broth followed by incubation 
for 24 hr at 37 C. 

The experiment showed that the 2. coli strain 
6-204-55 was dependent on glucose in the substrate in 
order to fully inhibit growth of S. senftenberg. In the 
absence of glucose, only partial inhibition was observed. 
The acidity of the glucose cultures may have been 
partially responsible for Salmonella inhibition. This 
acidity probably had some effect on the rate of death 
of Salmonella cells in the absence of EF. coli, but the 
elimination of Salmonella in the presence of E. coli 
6-204-55 after 72 hr incubation must have been due to 
some antagonistic property produced by the F. coli 
culture, as the pH values in both series are quite 
similar. 


SUMMARY 


Four Escherichia coli cultures were antagonistic 
toward three Salmonellae cultures and appeared to 
have no undesirable properties in the fermentation of 
egg white. The presence of from 0.25 to 1.0 per cent 
glucose in nutrient broth completely eliminated 
Salmonella senftenberg strain 2623 in 72 hr when grown 
with the antagonistic FL. coli 6-204-55 culture. 

Nineteen microorganisms isolated from various 
sources showed varying degrees of inhibition of one or 
more of three Salmonellae species. All of these antag- 
onists were unsatisfactory for use in egg white fer- 
mentation either because they failed to grow in egg 
white, failed to ferment glucose in egg white, or failed 
to produce an acceptable product after fermentation. 
Bacillus polymyxa, which gave good Salmonellae 
inhibition by the agar plate method, failed to grow in 
egg white with additional nutrients or after attempts 
to inactivate some of the antibacterial egg white pro- 
teins with heat and chemical treatment. 


TABLE 3 


Survival of Salmonella senftenberg 2623 in nutrient broth with varying glucose levels in presence and absence of Escherichia coli 


6-204-55 


No. Salmonella/ml Culture 





Growth on 





Culture Glucose = — a Final pH | Subculture* 
24 hr 48 hr 72 hr 

Salmonella senftenberg 2623 ; 0.00 100 ,000 ,000 320 ,000 ,000 100 ,000 ,000 7.50 7 
0.25 140 ,000 ,000 14,200,000 15,000 4.52 
0.50 211,000 ,000 83 ,000 ,000 10,000 4.40 _ 
0.75 172,000 ,000 9,400,000 10,000 4.48 
1.00 115,000,000 25,000,000 10,000 4.50 os 

Salmonella se nftenberg 2623 + Escherichia 

coli 6-204-55 0.00 335,000 9,500,000 20 ,000 ,000 7.95 + 

0.25 3,392 19 0 4.50 — 
0.50 1,792 18 0 4.40 ~ 
0.75 1,120 24 0 4.25 
1.00 1,088 3 0 4.35 _ 


* After 72 hr, into BGS broth: 1 ml. of inoculum into each of five replicate tubes of brilliant green selenite broth. All replicates 
gave the same results. 
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A nonpathogenic EF. coli culture that produces an 
antagonistic action against contaminating Salmonellae 
during the fermentative process in egg white may 
provide a new approach in producing a Salmonellae- 
free product 
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Pasteurization at 60 C cannot be used to eliminate 
Salmonellae from liquid egg white, since this process 
coagulates the proteins and destroys the functional 
properties of egg white. Therefore, other means of 
destroying these organisms have been investigated. 
These include storage of the dried egg white at 50 to 
70 C (Banwart and Ayres, 1956) and irradiation with 
high voltage cathode rays (Nickerson et al., 1957). The 
industrial efficacy and economy of these methods have 
not yet been fully evaluated. 

In addition to the problem of eliminating Salmonellae 
there is also the problem of removal of glucose from 
the egg white in order to prepare a successful dried 
product (Stewart and Kline, 1941). Several types of 
bacterial fermentations (Ayres, 1958) and a process 
employing glucose oxidase (Scott, 1953) are available 
for sugar removal from egg white. 

In the present investigations a new method for 
processing egg white has been explored; namely, fer- 
mentation with a nonpathogenic strain of Escherichia 
coli, which is antagonistic to the growth and survival 
of Salmonellae. This procedure overcomes the disadvan- 
tage of the multiplication of Salmonellae during the 
fermentative desugaring of egg albumen (Ayres, 1958). 
In addition, the prospect of eliminating both glucose 
and Salmonellae in a single procedure is attractive. 
That coliform bacteria of the genera Escherichia and 
Aerobacter are common fermenting organisms in the 
“natural”? fermentation of egg white has been demon- 
strated (Stuart and Goresline, 1942a, 1942b). 


EXPERIMENTAL METHODS 


Difco broth and agar, Difco tryptone 
glucose extract broth and agar,” and the brilliant green 
selenite broth described by Stokes and Osborne (1955) 
were the culture media used in most of this work. 
Agar was added to the selenite broth when it was used 


nutrient 


‘A report of work done under contract with the United 
States Department of Agriculture and authorized by the 
Research and Marketing Act of 1946. The contract is being 
supervised by the Western Utilization Research and Develop- 
ment Division of the Agricultural Research Service. 

2 Difeo Laboratories, Ine., Detroit, Michigan. This does 
not constitute an endorsement by the United States Depart- 
ment of Agriculture of these products over other similar 
products. 
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as a plating medium. Incubation temperature, except 
in special cases, was 37 C. 

Egg white, for cultural purposes, was prepared from 
commercial shell eggs that were obtained from a local 
grocery. Shell surfaces were treated by scrubbing in 
a 0.2 per cent Hyamine 1622* solution, soaking in 70 
per cent ethyl alcohol, and flaming until dry. The 
yolks and whites were separated under aseptic condi- 
tions and the albumen was blended in a sterilized 
Waring Blendor. The pH was adjusted to from 6.5 to 
7.0 by the addition of 20 per cent sterile citric acid 
solution during the blending. One-milliliter portions of 
this egg white were cultured on tryptone glucose 
extract agar, and any sample which showed bacterial 
growth was discarded. Sterile samples were stored at 
4 C until used. 

Glucose was determined in egg white with the 
Somogyi reagent (1945). The deproteinization proce- 
dure of Somogyi (1930) was used. 

Peroxide addition to egg white was made from a 3 
per cent commercial solution, the strength of which 
was determined by the iodometric method described 
by Kolthoff and Sandell (1936). 

Measurement of pH was made with a Leeds and 
Northrup glass electrode pH meter. 

In egg white fermentations with coliform bacteria, 
0.05 ml of an 18- to 24-hr culture (50,000 to 500,000 
cells) per 5 ml was routinely used as inoculum. The 
0 hr sampling indicates the number of Salmonella 
added. 

Plate cultures for Salmonella from egg white which 
had been fermented with £. coli for 72 hr were often 
negative. However, for final detection, replicate sub- 
cultures of 1-ml samples into brilliant green selenite 
broth were made routinely. 

Three cultures of Salmonellae were used, Salmonella 
senftenberg strain 2623, Salmonella oranienburg strain 
200E and Salmonella typhimurium strain TM-1, all of 
which were obtained from the collection of the Western 
Regional Research Laboratory, Albany, California. 


RESULTS AND DISCUSSION 


Certain strains of E. coli are known to produce 
“eolicines’’ which exert an antagonistic effect against 


3 Rohm and Haas Co., Philadelphia, Pennsylvania. 
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other enteric bacteria (Fredericq and Levine, 1947; 
Levine and Tanimoto, 1954). After a survey of the 
effect of a number of bacteria, yeasts, and several fungi 
on the growth of Salmonellae in egg white media, 
E. coli was chosen for further study. Many strains of 
E. coli were isolated from stool samples, water, and 
sewage, but the only cultures which gave demon- 
strable inhibitory effects by the agar plate testing 
procedure of Fredericq and Levine (1947) were four 
strainss of FE. coli which were obtained through the 
eourtey of Dr. Max Levine.* These were designated 
as E. coli strains 6-204-55, 1673A, H-10, and H-23° 
Among the four strains, F. coli 6-204-55 gave more 
consistent results than the other three, and was used in 
this work. 

Escherichia coli 6-204-55, which was isolated by Dr. 
Levine from canal water, has the cultural characteristics 
of a typical EF. coli; i.e., it is indole and methyl red 
positive and Voges-Proskauer and citrate negative. 


4 Territorial Department of Health, Honolulu, Hawaii. 
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It grows at 46 C in Eijkmann’s medium. Serologically 
it falls in O group 6, K group 13, and although its H 
antigen has not been determined, it does not fall in 
groups H 1 to H 46.5 According to Edwards and 
Ewing (1955), this organism is not an enteropathogenic 
Escherichia type. 


Some Growth Characteristics of Coliform Bacteria and 
Salmonellae Species in Egg White 


Effect of 26 strains of coliform bacteria on the growth 
of Salmonella in egg white. The effects of a number of 
coliform strains on the growth of Salmonella in egg 
white have been compared in table 1. The counts 
reported refer only to Salmonella. These organisms, 
some freshly isolated and some laboratory strains, were 
characterized by lactose fermentation, morphology, 

5 Appreciation is gratefully acknowledged to Dr. W. H. 


Ewing of Communicable Disease Center for Enteric Diseases, 
Chamblee, Georgia, for serological typing of this culture. 


TABLE 1 





Inoculations 


Control (uninoculated). . 
Salmonella senftenberg 2623................. 
Escherichia coli 
Salmonella 2623 + E. coli 6-204-55.............0.0.... 
Salmonella 2623 + E. coli 1673A.................. 
Salmonella 2623 + E. coli H-10.... Tae ee 
Salmonella 2623 + E. coli H-23 ee ee 
Salmonella 2623 + E. coli 26.... 
Salmonella 2623 + mouse stool 1.. 
Salmonella 2623 + mouse stool 2.. 
Salmonella 2623 + mouse stool 3....... ao 
Salmonella 2623 + mouse stool 4. . ee er 
Salmonella 2623 + mouse stool 5 
Salmonella 2623 + human stool Aj 
Salmonella 2623 + human stool A» 
Salmonella 2623 + human stool A; 
Salmonella 2623 + human stool A, 
Salmonella 2623 + human stool B; 
Salmonella 2623 + human stool B- 
Salmonella 2623 + human stool B;........... 
Salmonella 2623 + human stool B, 
Intermediates 
Salmonella 2623 + Escherichia 26 WR.... x 
Salmonella 2623 + Escherichia RV 38 Ey eae 
Salmonella 2623 + Escherichia RV 86. . 
Salmonella 2623 + Escherichia VN 8..... 
Salmonella 2623 + Escherichia VN 6 
Salmonella 2623 + Escherichia 67 B................. 
Aerobacter 
Salmonella 2623 + A. aerogenes 199 
Salmonella 2623 + A. aerogenes 8308 





* Brilliant green selenite agar; incubation 37 C. 
+ Brilliant green selenite broth. 


Survival of Salmonella senftenberg in presence of various coliform cultures in egg white at pH 6.5* 
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cia ere ee — | 192 | 768 
512; — | — 448 + 

|334/ — | — | 6512 + 

| 400 — | — | 768 

570 — | Tr 1900 - 

diss ed Oo | ee 1M ~ 
ee 500 — 28T 300 > 
500 — | 18T | 1300 + 

— 508 | 2900 | 1900 au 

Nt N N 1.4M) + 

N N N N aa 

N | 5400 5M | 35T - 

N | 3600 8.2M| 117M aa 

agbedae aa 22T 308T | 1.3M) + 
En? Beet or, N N 1.9M| 51M oa 
Ree ean N N 19M | 200M 


t Symbols: T = thousand; M = million; N = too numerous to count. 
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= and IMViC tests as Escherichia, intermediates,® or Different batches of fresh egg albumen, adjusted to 
H Aerobacter. . - the same pH value, vary widely in their ability to 
ss During simultaneous growth of the coliform culture support the growth of S. senftenberg. Table 2 shows two 
with S. senftenberg 2623 in egg whit 2 at 37 C, a 1-ml different batches of egg white, one of which supported 
m portion was plated on brilliant green selenite agar, good growth of the organism and the other only 
~~ after 0, 24, 48, and 72 hr of incubation, for enumeration moderate growth. The egg white was prepared from 
of the Salmonella cells. Also 1 ml was transplanted to two brands of shell eggs, indicated in table 2 as retail 
10 ml of the same selective broth medium after 72 hr Brands A and B. Egg white cultures inoculated singly 
of incubation as a final test for the detection of Sal- with EF. coli 6-204-55, S. senftenberg 2623, S. oranienburg 
monella. Viable Salmonella cells were present in all 200K, and S. typhimurium TM-1 were plated on 
oth instances except in the control. tryptone glucose extract agar at various intervals 
of There were varying effects on Salmonella growth by during a 66-hr total incubation period. Though the 
ge this group of 26 coliforms. All F. coli except the culture size of inoculum varied somewhat, a comparison of 
vi designated Be displayed some degree of inhibition. The the extent of growth of the four cultures in the fresh 
ns, two cultures of Aerobacter showed no inhibition nor liquid egg white is possible. 
soi did the intermediates, with the possible exception of With either sample of egg white, EL. coli showed a low 
~ Escherichia 26 W R. | . . growth potential. All three species of Salmonellae 
me Among the strains of EF. coli received from Dr. grew better in both samples of egg white than did 
H. Max Levine, all showed clear zones when tested for E. coli. Salmonella senftenberg produced a greater cell 
eS, their ability to inhibit Salmonellae by the agar plate population in the Brand A than in the Brand B egg 
method. No other coliform cultures tested exhibited white. The remaining two Salmonellae species show a 
this effect. However, only strains 6-204-55 and 1673A low growth potential with either egg white. Since S. 
consistently inhibited Salmonellae in egg white media. senftenberg grew most vigorously, it was chosen for 
— Both of the strains were efficient also in removing glu- further inhibition studies with FL. coli 6-204-55. 
_ cose from egg white. Comparison of a large vs. small inoculum of E. coli on 
: Comparison of growth rates of three Salmonella species the simultaneous growth of S. senftenberg in egg white. 
— and E. coli 6-204-55 in egg white. Preliminary experi- Because of the variation in growth characteristics 
- ments indicated that EF. colt 6-204-55 gave the most between the two organisms in egg white there was some 
+ consistent results in inhibiting the growth of Salmonellae concern about the ability of EZ. coli to successfully in- 
in egg white. The data in table 2 resulted from experi- hibit the growth of S. senftenberg since the latter grew 
; ments to compare the growth of F. cols with three most vigorously in egg white. An experiment was 
4 Salmonellae species in egg white media. The pH of egg designed to enumerate both FE. coli and S. senftenberg 
+ white was always adjusted to from 6.5 to 7.0 in order when they were growing in mixed culture in egg white. 
+ to provide more uniform and optimal growth condi- The objective was to determine the fate of S. senftenberg 
: tions. Most laboratory prepared samples of egg white when the Salmonella inoculum was held constant and 
4 had a pH of 8.5, a range unsuitable for the growth of the E. coli inoculum was varied. 
+ Salmonellae or EL. coli. For enumeration of both organisms in mixed culture, 
+ 6] oh oa rie A ce ee ale 5 two different culture media were employed. It will be 
re ntermediate Tefers to citrate fermenting coliforms; $.€., din table 3 (first I Sia h: ; 
4 organisms which ferment lactose, are methyl red positive, and noted in table 3 (first te 0 hr co ed that on try prone 
+ Voges-Proskauer negative. glucose extract agar twice as many Salmonella colonies 
oe 
ee TABLE 2 
+ Comparative growth of Escherichia coli 6-204-55 and three Salmonellae species in two samples of egg white* 
a 
ae Retail Brand A Retail Brand B 
UJ = = 
at Inoculum No. bacteria/ml egg white No. bacteria/m] egg white 
: 0 br 4 hr 18 hr 27 hr 42 hr 51 hr 66 hr |Ohr; 6hr 12 hr 24 hr 32 hr 48 hr 56 hr 
: Uninoculated control 0 0 | 0 0 0 0 0 0 0 0 0 0 0 
4 E. coli 6-204-55 75 120 80 (100 2 1 249 540 (1,080 700 1T+ 100 10 
Salmonella senften 
4 _berg 2623 1,600 4,200 40T 950T 5.2Mft | 5.6M |212M /175 /|1,600 7T 44T 40T 27,400 18,700 
4 S. oranienburg 200E.. .| 250 | 420 800 1T 336 350 160 (274 6,300 8T 11T 1ST 11,400 2,300 
, 8. typhimurium TM-1.|2,200 5T (3,400 | 24T | 26T 24T 30T | 73 181 1T 1,300 1T 800 1T 
* Egg white, pH 6.5; incubation 37 C; tryptone glucose extract agar. 
+ M = million; T = thousand. 
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develop (column labeled ‘Total Bacteria’) as on the 
selective brilliant green selenite agar (column labeled 
“‘Salmonella’’). Thus by doubling the value obtained 
on the latter medium and subtracting it from the total 
count as determined on tryptone glucose extract agar, 
a relative count of the number of EF. coli cells was 
obtained. Previous experiments had demonstrated 
that F. coli does not grow on the brilliant green selenite 
medium. 

Quantities of 10 ml of sterile egg white were inocu- 
lated separately with dilutions of cultures of FE. coli 
6-204-55 and SS. senftenberg grown in tryptone glucose 
extract broth. At 0, 24, 48, and 72 hr of incubation, 
samples were removed and both organisms were 
enumerated according to the procedure described. The 
size of the inoculum is shown in the 0 hr column of 
table 3. 

When a small inoculum of £. coli (+500 cells per ml) 
was used with an equivalent inoculum of Salmonella 
(2 times 196), E. coli attained a 10-fold increase in 24 
hr and then declined. There appeared to be a slight 
multiplication of S. senftenberg during the first 24 hr; 
however, the final sampling revealed no Salmonella. 

When a large inoculum of £. coli (several million 
cells per ml) and a small inoculum of Salmonella (2 
times 184) were used, there was a 100-fold increase in 
E. coli during the first 48 hr. It appeared that Salmonella 
cells began to die almost immediately. 

Salmonella senftenberg grew to a population of seven 
million in 72 hr in the absence of £. coli. When several 
million EF. coli cells were introduced, the peak of the 
population was at 48 hr, in the presence or absence of 
Salmonella. 

The unexpected result was that the /. coli inoculum 
may have been several hundred or several million 
cells per ml, but S. senftenberg was equally well in- 
hibited after a period of 72 hr. This inhibition may be 
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related to the more rapid attainment of maximum 
growth by £. coli and early formation of an inhibitory 
principle. 


Effect of the Fermentation of Egg White by FE. coli 
on the Survival of S. senftenberg 


When S. senftenberg 2623 was cultured simultaneously 
with #. coli 6-204-55 in nutrient broth containing 
glucose, there was a sharp decrease in the Salmonella 
population (Flippin and Mickelson, 1960). The effect 
was strong enough to result in the complete elimination 
of Salmonella from the medium in 72 hr. This did not 
occur in nutrient broth without added glucose. 

When egg white was the culture medium the EF. 
coli fermentation drastically reduced Salmonella growth 
(table 4). Multiplication of Salmonella in the egg white 
was inhibited to the extent that plates prepared with 
l-ml samples on brilliant green selenite agar were 
frequently negative. However, replicate subcultures in 
brilliant green selenite broth medium were positive for 
Salmonella, indicating that total elimination did not 
occur. There are several explanations for the difference 
in results found in the nutrient broth (Flippin and 
Mickelson, 1960) and egg white cultures. The nutrient 
broth with glucose may provide a more ideal medium 
for the antagonism of Salmonellae by E. coli. In support 
of this is the fact that, though antagonistic substances 
against Salmonellae are easily demonstrated on tryptone 
glucose extract agar plates, establishment of their 
presence in egg white cultures was not accomplished. 
The maximum pH drop in the nutrient broth cultures 
was approximately a whole pH unit below that shown 
for the egg white cultures (4.5 vs. 5.5). Though lowering 
of pH may be a contributing factor, it does not account 
for the fact that in nutrient glucose broth cultures in 
which S. senftenberg was grown alone and in which the 
pH drop was practically identical, the Salmonella 


TABLE 3 


Inoculum 0 hr 24 hr 
Total Salmo- E. coli Total Salmo- 
bacteriat nellat bacteria nella 
Control (uninoculated). .| 0 0 
S. senftenberg 2623. . 330 153t | O 140T§ 65Tt 
E. coli 6-204-55 Lg§ 2.34M Ot 2.34M 140M Ot 
Salmonella 2623 + 
E. coli Lg.. 2.98M |184¢ | 2.98M |130M Ot 
Salmonella 2623 + E. 
coli Sm§. . 880 196f 488 5.4T 600t 


* Egg white, pH 6.5; incubation 37 C. 
+ Total counts on tryptose glucose extract agar; Salmonella counts on brilliant green selenite agar. 
t One half total Salmonella count. 
§ Symbols: Sm = small inoculum; Lg = large inoculum; T = thousand; M = million; B = billion. 


Effect of size of Escherichia coli inoculum on antagonistic effect against Salmonella senftenberg in egg white medium* 


Total No. Bact +ria/ml Egg White 


48 hr 72 hr 
E. coli Rca —- E. coli ee Salmonella E. coli 
0 0 
0 150T (70Tt | 0 | 14M§ — 7.18Mt! 0 
140M 380M Ot 380M 170M Ot 170M 
130M 320M It 320M | 2.58B§ | 38t 2.58B 
1.2T | 1.0T 120t 760 | 10 Ot 10 
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culture survived. Only in the presence of F. coli 6-204-55 
was the Salmonella eliminated from the cultures. This 
is evidence for the action of an antagonistic principle 
in those cultures in which F. coli was present. Extra 
glucose was added to egg white, and though it resulted 
in a lowering of pH from 5.4 to 5.1, it did not cause the 
destruction of Salmonella. 

The buffer capacity of egg white is considerable. To 
reduce the pH of 10 ml of egg white from pH 6.4 to 
5.4 required 0.87 ml of 0.05 x HCl. This buffer capacity 


TABLE 4 
Effect of fermentation of egg white by Escherichia coli 6-204-55 
on the survival of Salmonella senftenberg 2623* 


Salmonella/ml Egg White 
Expt after Incubation 
NS : Inoculum 


0 hr 24 hr 48hr | 72hr 


I | S. senftenberg | 144) 36Tt | 31Mt | 640M 


| S. senftenberg + E. coli} 140 | 0 0 0 

II | S. senftenberg 116 | 145T | 64M | 102M 
| S. senftenberg + E. coli) 111 | 0 55 53 

Ill S. senftenberg 89 |1860 14T | 210T 
S. senftenberg + E. coli) 71 0 82 0 


* Brilliant green selenite agar; incubation 37 C; pH of egg 
white 6.5. 
+ T = thousand; M = million. 


TABLE 5 
Effect of the fermentation of egg white by Escherichia coli 6-204- 
55, followed by addition of hydrogen peroxide, on the survival of 
Salmonella* 


Salmonella/ml Egg White 
arene after Incubation |BGSBt Subcul- 
ar | tures: 72 hr 


Ohr| 24hr 48 hr 72 hr 


Control. 0 0 0 0 ---— 
Salmonella senf | | 
23 |1400Tt |7700T 280M t +++ 


tenberg 2623 
S. senftenberg + 


H20.§. 13 |1400T 70M 70M +++ 
S. senftenberg + 

H.0.4 20 |1400T 100M |24,600T | +++ 
Salmonella + E. 

coli... 195 0 | 0 0 a 
Salmonella + E. , 

coli + HeOc§ 64 3 3 QO j—-----— 
Salmonella + E. 

== 


coli + HeOc! 19 0 0 0 


* pH of egg white, 6.5; incubation 37 C; brilliant green 
selenite agar. 

+ Brilliant green selenite broth. 

t T = thousand; M = million. 

§ Five-tenths per cent concentration in a single addition 
after removal of the 48-hr sample. 
oneentration, addition in three 
equal portions at hourly intervals after removal of the 48-hr 
sample. 


§ Five-tenths per cent 


may be part of the protective effect offered the Sal- 
monellae in egg white media, as contrasted to nutrient 
broth, when fermented with L. col7. 

Supplementation of the E. coli fermentation of egg white 
with mild heat or dilute hydrogen peroxide treatment. 
Since EH. coli by itself was incapable of completely 
eliminating viable Salmonella cells from the egg white, 
the use of a supplementary treatment to the fermenta- 
tion was considered. The addition of hydrogen peroxide 
following the fermentation was suggested by the 
results of Lloyd and Harriman (1957). The authors 
described a method for inactivation of the indigenous 
catalase by heating the egg white at 120 F for 3 min 
followed by treatment with 0.075 to 0.30 per cent 
hydrogen peroxide for 10 to 15 min. They described 
the product obtained by their process as ‘‘commercially 
sterile,” with a destruction of 99.99 per cent of the 
bacteria present. Contrary to the statement given in 
the patent, we have found that exposure of egg white 
at pH 6.5, to 48 C for 2 min was inadequate for in- 
activation of the indigenous catalase. In one sample of 
fresh egg white there was a trace of catalase activity 
after 15 hr of exposure at 48 C. 

Egg white containing S. senftenberg was fermented 
48 hr with EF. coli 6-204-55 and then treated with 0.5 
per cent hydrogen peroxide (table 5). In the one case, 
0.5 per cent peroxide was added in a single addition 
after 48 hr incubation. In the other case the same 
amount of hydrogen peroxide was added in three equal 
quantities at hourly intervals after 48 hr of fermenta- 
tion time. Results with S. oranienburg and S. typhi- 
murium, though not shown here, were identical to those 
with S. senftenberg. 

The results show that with egg white cultures in 
which S. senftenberg was the only organism, elimination 
of the organism was not achieved by peroxide addition, 
irrespective of the manner of addition. In the mixed 
Salmonella-Escherichia cultures, the single addition of 
peroxide eliminated Salmonella. When the hydrogen 
peroxide was added in three equal portions at hourly 
intervals, S. senftenberg was detected in two out of five 
of the brilliant green selenite broth subcultures. These 
data suggest the possibility of total elimination of the 
Salmonella organisms by addition of hydrogen peroxide 
following the fermentation by an antagonistic strain of 
E. colt. 

No attempt was made to inactivate the catalase in 
the egg white. Egg white samples vary greatly in cata- 
lase activity, and our experience indicates that rather 
drastic heat treatment is necessary to eliminate this 
enzyme. Hydrogen peroxide was added with gentle 
mixing in order to avoid excessive frothing as the 
oxygen was evolved. Hydrogen peroxide is considered 
to be a weak antiseptic, especially in the presence of 
organic matter. However, the foregoing evidence 
demonstrates its usefulness in this case. An additional 
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advantage is that it will be completely dissipated either 
through the action of indigenous or added catalase, 
leaving no residual foreign chemical in the final prod- 
uct. 

In the following experiment the effect of mild tem- 


TABLE 6 
Comparison of temperature and hydrogen peroxide for 
elimination of Salmonella from egg white following 
fermentation with E. coli 6-204-55* 


Salmonella/m| Egg White 
after Incubation BGSBt Sub- 


Culture and Conditions sadhana: 28 it 


;}Ohr| 24hr 48 hr 
| | 


72 hr | 

omieel. 2... ......-. | O| 0 0 ne 
Salmonella senften- | 

berg 2623..........| 3 |710Tt |2350T |300M¢t | +++++ 
Salmonella + E. coli 

G-200-G5....:......1 6] 0 200 0 +++++ 
Salmonella + E. coli’ | 

+ 0.5% HOr..... 115| 4 | 180 SG | ween 
Salmonella + E. coli 

at 47.5 C,5 min...| 11 | 12 280 2 eae te 
Salmonella + E. coli | 

at 47.5 C,10 min .| 3/ 11 150 2 +++++ 
Salmonella + E. coli) | 

at 47.5 C, 20 min..| 2 | 10 150 0 a4 4 
Salmonella + E. colt’ | 

at 47.5 C, 30 min..| 2] 1 200 3 +4+4+4++4+ 


* pH of egg white, 6.5; incubation 37 C; brilliant green 
selenite agar. 

+ Brilliant. green selenite broth. 

t T = thousand; M = million. 


TABLE 7 
Influence of the numbers of Salmonella present on the effectiveness 


of the fermentation-peroxide treatment for elimination of 
Salmonella from egg white* 


Salmonella/m| Egg White 


after Incubation BGSBt 
Culture and Conditions — 
0 hr 24 hr 48 hr 72 hr 

iSenteel.:......- .| 0 0 0 0 —----— 
Salmonella senften- | 

berg 2623......... 53 (6200Tt 3100Mt \100M | ++++ 
S. senftenberg + E. 

coli 6-204-55......| 50| 0 31 5 ++++ 
S. senftenberg + E.. 

cols. .... | 2800 | 570 130 42 ++++ 
S. senftenberg + E. 

coli + 0.3% H2Oe 60 0 20 0 a 
S. senftenberg + E. 

coli + 0.38% HeO:2) 1500 | 550 380 1 ——-+ 
S. senftenberg + E. 

coli + 0.5% H2O2) 48 0 103 0 ---- 
S. senftenberg + E.| 


coli + 0.5% H2O2| 1800 | 110 140 0 


* pH of egg white, 6.5; incubation 37 C; brilliant green sele- 
nite agar. 

t+ Brilliant green selenite broth. 

t T = thousand; M = million. 
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perature treatment was compared with peroxide as a 
means of eliminating S. senftenberg following fermenta- 
tion of egg white with FH. coli 6-204-55. After 48 hr 
fermentations of egg white, 0.5 per cent hydrogen 
peroxide was added to one culture. Instead of the 
peroxide addition, each of four other similar cultures 
was heated for 5, 10, 20, and 30 min, respectively, at 
47.5 C, the recorded internal temperature of the egg 
white (table 6). 

It is evident that neither the 5, 10, 20, nor 30 min 
exposure at 47.5 C caused a destruction of the few 
Salmonella cells which survived the E. coli fermentation. 
Hydrogen peroxide treatment of the fermented egg 
white, however, resulted in Salmonella-free subcultures. 

The influence of the size of inoculum of S. senftenberg 
on the effectiveness of combined fermentation and 
peroxide treatment for eliminating Salmonella has been 
explored (table 7). The numbers of Salmonella added 
are noted in the 0 hr column. The peroxide additions 
were made after withdrawal of the 48-hr sample. In 
those tubes to which the larger numbers of Salmonella 
cells were introduced, a gradual reduction in viable 
cells occurred during the incubation period. A 30- to 
40-fold increase in initial Salmonella inoculum was 
equally well destroyed by fermentation, when followed 
with 0.5 per cent peroxide. One positive subculture out 
of four resulted when 0.3 per cent peroxide was used. 


The Removal of Glucose from Liquid Egg White 
by Fermentation with E. coli 6-204-55 
Numerous analyses of egg white samples which had 
been fermented with E. coli 6-204-55 have demon- 
strated that the major portion of the glucose was 
removed. The rate of glucose removal from egg white 
was studied, comparing centrifuged cells and a whole 
broth culture of E. coli. Frozen egg white’ was used. 


7 Swift and Co., Chicago, Illinois. 
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Fig. 1. Rate of glucose removal from egg white by fermenta- 
tion with Escherichia coli strain 6-204-55. 
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The pH was adjusted to 6.5 with citric acid and 160- 
ml quantities were dispensed into each of four 250-ml 
Erlenmeyer flasks. /’. coli 6-204-55 was cultured for 18 
hr in tryptone glucose extract broth and used for 
inoculation of the egg white. One pair of flasks was 
inoculated with 10 per cent by volume of the whole 
broth culture (approximately 10’ cells per ml), the 
other with the centrifuged cells from an equivalent 
portion of the culture. The incubation temperature 
was 37 C. Samples were removed at 0, 7, 24, 36, 48, 
and 72 hr intervals for glucose analysis. The rate of 
glucose removal with these two types of inoculum is 
shown in figure 1. It was constant with the centrifuged 
cells but less rapid than when the whole culture was 
used. Either resting cells or growing cells were equally 
effective in removing about 95 per cent of the glucose 
from egg white in 72 hr. 


SUMMARY 


Certain strains of Hscherichia coli, notably 6-204-55 
and 1673A, have been found to exert a strong inhibition 
on the growth of Salmonella senftenberg, Salmonella 
oranienburg and Salmonella typhimurium in egg white. 
Numerous other strains of /. coli, intermediate coliform 
types, and several strains of Aerobacter were devoid of 
this property. Of the cultures studied, F. coli 6-204-55 
was the most efficient antagonist of Salmonellae. 
Serological typing has indicated that this strain of EF. 
coli is not an enteropathogen. The F. coli culture also 
successfully desugared egg white. 

Though the /. coli culture showed a lower growth 
potential in egg white than did the Salmonellae, the 
numbers of /. coli present seemed to be of little signifi- 
eance in the inhibition of Salmonellae. 

A laboratory procedure has been described to elimi- 
nate Salmonellae from fresh egg white; it consists of 
fermentation of the egg white with FE. coli 6-204-55 
followed by the addition of 0.5 per cent hydrogen 
peroxide. 

In nutrient broth media with added glucose, in 
which EF. coli 6-204-55 and S. senftenberg were simul- 
taneously cultured, the Salmonella cells were destroyed. 
In egg white media, though drastic reduction of the 
number of Salmonella cells resulted, complete destruc- 
tion of these cells was not attaimed. The addition of 
hydrogen peroxide following a 48-hr fermentation 
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period with H. coli resulted in Salmonella-free egg 
white. 
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Rapidly growing aerobic organisms can deplete oxy- 
gen in the nutrient medium even when culture vessels 
are open to the air. Agitation is beneficial under these 
conditions because it tends to expose more liquid to 
the air, and because the mixing tends to make condi- 
tions more homogeneous throughout the volume of the 
medium. Rotary and reciprocating shakers are capable 
of high rates of aeration when used with baffled Erlen- 
meyer and Fernbach flasks. However, the standard 
reciprocating or rotary shakers are not adapted to 
aerating test tube cultures. 

Aeration by rolling has been used previously for 
tightly stoppered cultures of animal cells (White, 1954). 
A typical application of the roller tube method makes 
use of standard 16- by 150-mm test tubes. These are 
charged with a small quantity of liquid nutrient, then 
placed in a drum revolved about its longitudinal axis. 
The axis of revolution is inclined slightly from the hori- 
zontal so that the liquid which covers the lower side 
of the tube wets it about halfway or two thirds of the 
distance to the stopper. The drum turns from six to as 
high as 3000 revolutions per hr, depending on whether 
it is desired that the cells grow on the surface of the 
glass or in suspension in the liquid medium (Paul, 
1959). In a somewhat different way Monod (1950) 
has used the principle of rolling to supply aeration in a 
continuous flow device called the ‘““Bactogen.”’ A signifi- 
‘rant difference between the Bactogen and the roller 
tube system is that in the Bactogen the culture vessel 
revolves about its own axis at approximately 400 rpm, 
a speed much higher than that of the roller drum. In 
both devices aeration is accomplished through the 
mechanical action which spreads the liquid over the 
inner surface of the culture vessel. The fact that rapid 
growth of animal cells occurs in roller tubes does not 
indicate that this device is capable of very high rate 
of oxygen transfer, since total cell mass and growth 
rate remain low in contrast with aerobic cultures of 
molds, yeasts, or bacteria. However, the simplicity of 
the rolling principle of aeration encouraged me _ to 
attempt it with test tube and flask cultures of aerobic 
organisms, and to make the quantitative tests which 
are described below. My particular need was for a 
method of measuring the growth of yeasts turbido- 
metrically in 13-mm special test tubes designed for the 
Klett-Summerson Colorimeter.! A high rate of aeration 


1 Klett Manufacturing Company, New York, New York. 
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was desirable. The mechanism and procedure described 
here secured a satisfactory aeration rate, prevented 
contamination of cultures, and simplified growth meas- 
urements. The procedure made it possible to follow 
the whole growth cycle without removing the cultures 
from the test tubes. 


DESCRIPTION OF ROLLER AERATOR 


This machine is similar in operating principles to 
the standard roller tube drum (White, 1954, page 117). 
The culture vessels are supported by a rotating cage 
or drum with their long axes parallel to the axis of 
rotation, which is inclined sufficiently from the hori- 
zontal to retain the liquid within the culture vessel. 
The drive shaft, turning generally less than 60 rpm, 
rotates the cage about its axis, causing the culture ves- 
sels to orbit about the drive shaft. Since the rotational 
speed is slow, centrifugal force is negligible, and the 
liquid remains on the lower side of the culture vessels. 
The turning motion wets the inner surface of the ves- 
sels, exposing a large surface of liquid to the air. The 
machine consists of a power source, capable of provid- 
ing a range of rotational speeds, coupled to a drive 
shaft within the incubator. The drive shaft is supported 
by bearings which allow adjustment to maintain the 
shaft. at the proper inclination. Two detachable test- 
tube baskets and an adjustable rack for larger vessels 
are supported by the shaft (see figure 1). 

External drive. Power is provided by a 20:1 worm 
gear reducer, V-belt driven at 860 rpm by a 1725 rpm 
electric motor. A stub shaft, supported by the incu- 
bator wall, is belted to the driving end of the reducer. 
Through a combination of pulleys at the driving end 
of the reducer and the stub shaft a range of speeds from 
6.3 to 76 rpm was obtained. 

Drive shaft. The 44-in. drive shaft inside the incu- 
bator is powered through a universal joint by the stub 
shaft through the incubator wall. A self-aligning, ad- 
justable shaft support regulates the height of the distal 
end of the drive shaft, maintaining the proper slope 
of liquid in the test tubes and other vessels. 

Test tube baskets. The baskets are open sided boxes 
of 14-in. masonite. Each box is drilled to fit 18 tubes, 
one box being drilled for the 13-mm outside diameter 
special test tubes for the Klett-Summerson Colorimeter, 
the other for standard 16-mm test tubes. Semicircular 
recesses of 14-in. radius are cut into the end and center 
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plates of the baskets in such a way that the center lines 
of the recesses are parallel to the centers of the test 
tube apertures. The recesses fit against the drive shaft, 
insuring parallelism between the shaft and the tubes. 
During operation the baskets are secured to the shaft 
by wing nuts as shown in figure 2. The detachable bas- 
kets facilitate handling of test tubes in the course of 
turbidity measurements. 





Figure 1. Layout of machinery showing motor, 20:1 worm- 
gear reducer, and pulley driving stub shaft in incubator wall. 
The drive shaft, carrying a pair of detachable test tube baskets 
and a rack for cylindrical vessels, is held by a universal joint 
at one end and by an adjustable shaft support at the other. 





Figure 2. Detail of drive shaft and adjustable shaft support 
with one test tube basket removed. The basket in place con- 
tains a partial load of Klett Colorimeter tubes, colored liquid 
having been added to indicate slope of vessels: 5 ml in Klett 
tubes and 200 ml in the cylindrical bottles. 
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Accomodations for other vessels. A limited number of 
Krlenmeyer flasks may be hung from the 4-in. drive 
shaft by means of conventional flask clamps. Because of 
the moderate rotational speeds, this arrangement has 
adequate strength. For handling cylindrical bottles, 
a cage-type holder was constructed from light steel 
angles and spring clamps (see figure 2). 


METHODS 


The efficacy of the roller aerator was determined 
iodometrically by measuring the oxidation of sodium 
sulfite solution catalyzed by copper sulfate (Cooper 
et al., 1944). All test tube runs were made with 5 ml 
sodium sulfite solution in the tubes, with the slope ad- 
justed so that the tube wall was wet to within 1.5 em 
of the mouth. Oxygen absorption rate was computed 
as ml of oxygen per 100 ml liquid per hr. Biological 
tests were made with Torulopsis utilis strain ATCC 
9950? in Wickerham’s medium (yeast nitrogen base’), 
a liquid nutrient providing mineral and organic re- 
quirements for yeasts but lacking a source of energy 
for growth. Glucose or an organic acid was added as an 
energy source. Inocula were prepared by serial daily 
transfers through this medium. Measurements of 
growth rate were made turbidometrically, and deter- 
mination of yield was made turbidometrically as well 
as by weight. 


RESULTS 


Effect of rolling speed. Variation of rolling speed 
between 6.3 and 60 rpm had no appreciable effect on 
rate of oxidation in test tubes (see table 1). Higher 
rates of rotation were not practical with test tubes 
because the surging of the liquid, caused by centrifugal 
force, tended to wet the plugs. High speed rotation 
with larger vessels did increase the aeration rate, but 
only when critical speed (7.e., the point at which centrif- 
ugal force equals gravitational force) was approached. 

2 American Type Culture Collection, Washington, D.C. 

3 Difeo Laboratories, Detroit, Michigan. 


TABLE 1 


Effect of rolling speed on oxygen absorption rate in unplugged 
test tubes* 


Rolling Speed Oxidation Rate (O2/100 ml hr 


rpm ml 
60.0 94.0 
56.0 97.0 
30.0 96.0 
13.0 103.0 

6.3 95.0 

Mean 97.0 


* Test tubes 13-mm inside diameter by 12.8 em long (Klett 
tubes), containing 5 ml liquid, and slanted to wet glass within 
1.5 em of tube mouth; temperature, 30 C. 
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Near this point the fluid was lifted on the upswing 
of the vessel, then fell free on the downswing, splashing 
against the walls with considerable turbulence. Baffling 
improved this action and increased aeration corre- 
spondingly (see table 2). 

Effect of closures. Cotton plugs did not greatly re- 
strict the rate of oxidation in test tubes in my own 


TABLE 2 
Comparative efficiency of rolling motion vs rotating shaking 
motion with respect to oxygen absorption rate 


Oxygen 
Absorp- 
Method and Vessel Load | Operating Conditions tion Rate 
| | mni/hey 
ml ml 
Rolling motion* 
Tubes, 16 mm di- 5 | 53 rpm |. 82 
ameter 
1000-ml Erlenmeyer | 150 | 60 rpm 30 
1-gal jug 100 | 57 rpm | 79 
l-gal jug, 1 baffle | 100 | 76 rpm | 150 
Rotary shaking mo- | 
tiont 
Tubes, 16 mm di- 5 | 210 rpm, 34-in. throw 47 
ameter diameter (tubes | 
slanted) 
500-ml Erlenmeyerf{ | 100 | 220 rpm, 50-mm throw | 37 
diameter 
500-ml Erlenmeyer, | 100 | 220 rpm, 50-mm throw | 716 
1 bafflet diameter 
1000-ml Erlenmeyer | 150 | 210 rpm, 34-in. throw | 5 
diameter | 
1000-ml Erlenmeyert| 200 | 285 rpm, 50-mm throw | 56 
diameter 
1000-ml Erlenmeyer§$| 100 | 200 rpm, 4%-in. throw | 34 
diameter 


* Axis of rotation horizontal, or nearly so. 
+ Axis vertical. 

t Chain and Gualandi (1954). 

§ Corman et al. (1957). 


TABLE 3 
Effect of closures on oxygen absorption rate 


Oxygen Absorption 
| Rate (02/100 ml/hr) 


Vessel | Load | Closure — —-—— 
With Without 
closure closure 
ml ml ml 
13-mm tubes 5 | Cotton plug | 78 97 
16-mm tubes 5 | Cotton plug 77 82 
1000-ml Erlenmeyer, | 200 | Cotton plug | 0.6* 96* 


not baffled. | 
1000-ml Erlenmeyer, | 


not baffled........| 200 | Alum. foil cap 0.21* | 96* 
2800-ml Fernbach 

indented ...| 300 | Cotton plug 215+ 685t 
2800-ml Fernbach 

indented .| 300 | 3 filter disks 


471t 685+ 


* Chain and Gualandi (1954). 
+ Corman et al. (1957). 


[VoL. 8 


experiment. The comparison of closure effects reported 
in the literature is not of much quantitative value 
due to the lack of sufficient information about. the 
design and packing of plugs. However, the experience 
of Corman et al. (1957) indicates the possibility of 
designing closures which will allow sufficient oxygen 
diffusion. The values are summarized in table 3. 

Absorption as a function of wet area. The rate of oxy- 
gen absorption for three different vessels and several 
conditions of loading is computed as a function of wet 
area (liquid surface plus wet glass area) in table 4. 
Fairly close agreement was obtained among various 
vessels, and a mean was computed. 

Comparative efficacy of the rolling vs. the rotary shaking 
method of aeration. Table 2 summarizes the results of 
my tests of the roller aerator with test. tubes, flasks, 
and cylindrical vessels. For purposes of comparison, 
results which indicate the performance of typical rotat- 
ing shakers were selected from the literature. 


TABLE 4 
Oxygen absorption in relation to wet area 


Vessel Load eae 02/100 ml/hr| O2/cm?2/hr 
ml cm? ml ml 
Milk dilution bottle*.........| 25 | 160 87 | 0.10 
1000-ml Erlenmeyer..........} 100 | 436 38 | 0.087 
1000-ml Erlenmeyer..........| 150 484 30 | 0.093 
1000-ml Erlenmeyer..........| 200 | 541 28 0.103 
| 0.0904 


1-gal jug yee ; ...| 100 | 874 79 


Weighed mean........... _..| 0.0936 


* Compact square cross-sectional bottles (180 ml) (Arthur 
H. Thomas Co., Philadelphia, Pennsylvania). 


TABLE 5 
Growth of Torulopsis utilis in rolled Klett Colorimeter tubes 
and one-gallon bottles* 


| 
| No. Previous 





—" — Ave Cell | Vield: g Dry 
ESt | Concn of mn ne, | ch | Yeast/g ES§ 
- ed 
Acetic acid....| 0.1 “one oe 
Acetic acid... 0.1 5 1.4 
Butyrie acid...| 0.05 | 46 t GRO 4 
Glucose.......| 0.1 15 1.2 
Glucose...... 0.1 54 13 | 
Formic acid...| 0.05 21 1.5 | 
Lactic acid....| 0.1 34 2.6 | 
Acetic acid....| 0.1 60 | 0.36 
Acetic acid....| 0.2 60 2.6 | 0.32 
Acetic acid....| 0.5 61 2.1 | 0.329 
2.2 | 0.329 


Acetic acid....| 1.0 61 

* In Wickerham’s medium (yeast nitrogen base); source of 
energy for growth indicated. 

+t ES = source of energy. 

t In Klett tubes, 5 ml medium. 

§ One-gallon bottles, 100 ml] medium. 

{ Average of two samples, one brought to pH 5.0 with KOH 
before inoculation; the other, with CaCO. 
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Growth of yeast on the roller. Table 5 indicates the 
growth characteristics of Torulopsis utilis in rolled 
vessels. Average cell division time (the time required 
for doubling of cell mass during the period of logarith- 
mic growth) was lowest with glucose as an energy 
source, high with butyric acid, and intermediate with 
acetic, formic, and lactie acids. There was, in addition, 
a tendency for cell division time to decrease after sev- 
eral passages through Wickerham’s medium and the 
same energy source. Yield in g yeast per g of energy 
source was measured in one-gallon bottles with 100 
ml of growth medium. Yield remained constant, or 
practically so (32 to 36 per cent), over the 10-fold 
concentration range of acetic acid which was tested. 


DIscUSSION AND CONCLUSIONS 


The apparent independence of oxygen absorption 
rate and speed of agitation is contrary to previous ex- 
perience. Chain and Gualandi (1954) report a linear 
relationship between rate of oxygen absorption and 
speed of agitation, both in rotary shaken flasks and in 
propeller agitated fermentors. Cooper, Fernstrom, and 
Miller (1944) agree with this in principle when they 
conclude that aeration efficiency was proportional to 
the power input per unit volume of liquid in stirred 
fermentors. It is conceivable that some of the peculiar- 
ities of my results may be due to the properties of the 
sulfite system; however, its general validity is not in 
question, and indeed, has been independently con- 
firmed. Chain and Gualandi (1954), in 24 pairs of deter- 
minations, obtained good correlation between the sul- 
fite and the amperometric method. Using a rotating 
platinum electrode, they found that the differences 
were usually within 10 per cent, and that over the 
experiment as a whole, the differences cancelled out, 
indicating no appreciable bias. 

My opinion is that the unexpected independence of 
aeration rate and rotating speed is due to the difference 
in the mechanical action of the roller as opposed to 
other types of aeration systems. My experiments sup- 
port the theory that aeration in a slowly rolling vessel 
is a linear function of the wet surface area. In a rolling 
vessel the wetted area is constant within wide ranges 
of rotational speeds. Below this range, wet area de- 
creases because of drainage between wettings, and 
above this range wet area increases somewhat because 
of splashing and the entrainment of bubbles. Rolling 
aeration rate is speed independent, in other words, 
because it does not depend on bubble entrainment as 
the other systems do. An appropriate theory for the 
speed dependence of aeration rate in shaken flasks and 
stirred fermentors is that higher speed increases the 
number of bubbles, decreases the average size of the 
bubbles, and therefore increases their total area, and 
that the turbulence delays the escape of bubbles from 
the liquid and reduces the thickness of the stagnant 


liquid film (Steel, 1958). It is obvious, furthermore, 
that in a shaken flask, baffled or not, increasing the 
shaking speed will increase the area of wet glass. 

The possibility that a film of 1 N sodium sulfite solu- 
tion would not saturate with oxygen as quickly as 
a film of culture solution suggests that the sulfite 
method might not be indicative of the true aeration 
rate in cultures rolled at a very low speed. Should the 
liquid film in the upper part of the rolled vessel. become 
saturated with oxygen before being renewed by the turn- 
ing of the vessel, the average aeration rate would de- 
crease. I believe, however, that this bias, if it actually 
exists, would not be of any practical importance at 
the rotaticnal speeds likely to be employed for rolling 
vessels containing dense cultures of aerobic organisms. 

Results indicate that the rolling machine is capable 
of inducing satisfactory growth in Torulopsis utilis, a 
typical aerobic yeast. In this respect the biological 
tests corroborate the sulfite tests which had shown the 
roller to have as high an oxygenating rate as the con- 
ventional unbaffled shaken flask systems commonly 
used for growing aerobic organisms. Neither the growth 
rate nor the dry weight yield per g of energy source 
differed significantly through the range of concentra- 
tions of energy source tested. If aeration rate had not 
been adequate, the effect would probably have been 
to depress growth rate and yield efficiency more in the 
dense cultures than in the dilute cultures. 

Aeration of test tube cultures by rolling is more 
effective than aeration by the rotary shaker tested. 
The rate of aeration in rolled test tubes is higher than 
that in shaken unbaffled flasks, but not so high as that 
attainable in flasks with baffles. 

For Erlenmeyer flasks without baffles, the rate of 
aeration obtained by rolling is approximately equal 
to that obtained by shaking. Cylindrical vessels are 
more efficient than Erlenmeyer flasks on the roller 
because a cylindrical vessel of the same base and height 
as an Erlenmeyer flask has considerably more internal 
area, and because the inner surface of a cylindrical 
vessel is completely wetted even when the load is light. 
The one-gallon wide mouth jug used in my experiments 
has a 6-in. base diameter, whereas the base diameter 
of a 1-L Erlenmeyer is 5 in.; the jug is 34 in. taller. 
Although the two vessels occupy virtually the same 
amount of space in an incubator, the jug aerates the 
medium twice as fast as the flask when both are rolled 
(see tables 2 and 4). 

Certain characteristics of the rolling system of aera- 
tion simplify the problem of experimental application. 
Since oxygen absorption is a linear function of wet 
area which, in rolling, is determined by the shape of 
the vessel and is independent of other factors, any 
desired aeration rate may be obtained simply by ad- 
justing the conditions of loading to the size of the vessel. 

A favorable characteristic of rolling aeration at 
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moderate speeds in unbaftled vessels is that due to low 
turbuleace there is virtually no tendency to foam. 
Foaming is commonly observed in aeration systems 
which use baffled or indented flasks and depend for 
their efficacy on a high degree of turbulence and on the 
entrainment of air bubbles. Foam production interferes 
with aeration and has other undesirable effects. It may 
be reduced by chemical additives, but these additives 
themselves interfere with aeration. Corman et al. (1957) 
have shown that anti-foam agents may reduce the 
oxygen absorption rate drastically, in one case from 
455 to 54 ml oxygen per 100 ml per hr. It is likely, 
therefore, that rolling aeration is more efficient than 
aeration by shaking with certain types of culture me- 
dia, since rolling aeration does not depend on bubble 
entrainment, does not generate foam, and eliminates 
the need for anti-foam agents. 
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SUMMARY 


For the aeration of liquid cultures of microorganisms 
in test tubes and larger vessels up to perhaps 1-L load, 
rolling has certain advantages. First, rolling of test 
tubes is more effective than shaking. For Erlenmeyer 


Sampling Procedures for Bacterial Analysi 
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flasks rolling and shaking are equally effective unless 
baffling is used. The installation of baffles increases 
aeration about two-fold on the roller, but 10- to 20- 
fold on a high speed rotary shaker. Second, the absence 
of foaming is a distinct advantage of rolling aeration, 
Third, because of the low rotation speed, centrifugal 
stresses are neglibible and power requirements are 
moderate. Consequently, roller equipment. is consider- 
ably simpler to design and construct than rotary 
shakers. 
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Various investigators have reported that large differ- 
ences exist in the numbers of microorganisms associated 
with various types of frozen foods (cf. Borgstrom, 1955; 
Canale-Parola and Ordal, 1957; Huber ef al., 1958; 
Ross and Thatcher, 1958). However, little practical 
information is available regarding fluctuations of bac- 
terial numbers within a single brand and type of prod- 
uct. Sampling procedures which are of utmost import 
to processors and to others interested in the microbi- 


? Journal paper no. J-3733 of the Iowa Agricultural and 
Home Economics Experiment Station, Ames, Iowa. Project 
no. 1379. This investigation was supported, in part, by research 
grant no. E-1141 from the Institute of Allergy and Infectious 
Diseases of the National Institute of Health, U. 8. Public 
Health Service. 


ology of frozen foods have been in need of thorough 
examination. The following studies were made to deter- 
mine the impact of seasonal, day-to-day, diurnal, and 
sample-to-sample variations on the total counts to 
be expected in a prepared frozen food. 

The data to be presented are exemplary of certain 
sampling problems which are frequently encountered 
in the microbiological enumeration of microorganisms 
in prepared frozen foods. Obviously, conditions of 
production will vary between processing plants, be- 
tween processors, and even within the same plant from 
year to year as improvements are made. Bacterial 
counts will be affected by processing technique, yet 
the general considerations presented here should remain 
relatively unchanged. 
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Mertruops AND MATERIALS 


Frozen chicken pot pies served as the experimental 
material for the major portions of these studies. As 
suggested by Gunderson (1957) and Fanelli and Ayres 
(1959), all samples were obtained directly from the 
processor so that the history of production, treatment, 
and storage would be known. Immediately upon re- 
moval from the processing line, samples were blast 
frozen for several hours, then were stored at — 10 C or 
lower prior to assay. Pies were selected from two proc- 
essors designated A and B. Pertinent details of sam- 
pling procedure are given in appropriate places of 
this report. 

Bacterial counts were made utilizing methods similar 
to those which have appeared in the literature (Zabor- 
owski et al., 1958). Samples for analysis (100 g) were 
taken from a representative portion of the contents 
of the pie (Hartman, 1960). The majority of the total 
counts were made using trypticase soy agar, although 
tryptone glucose extract agar was used upon occasion. 
Fanelli and Ayres (1959) observed no differences in 
counts obtained on the above two media. An incuba- 
tion period of 48 hr at 32 C was used. 


{RESULTS AND Discussion 

Seasonal variation in total counts. Nineteen lots of 
24 samples each were taken from a commercial process- 
ing line on the first day of the work week during the 
period from March 31, 1958, through January 6, 1959. 
With few exceptions, sampling was bi-weekly (figure 
1). Hach lot usually consisted of six groups of four pies 
each, taken at half-hour intervals. Samples were usually 
plated on the 2nd day following processing, although 
in several instances the storage period was extended 
to 3 days. 

Some increases in total count were evident during 
the warm months (figure 1). A mean total count of 
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Figure 1. Seasonal fluctuations in total counts of 456 frozen 
chicken pies. 


33,000 per g was obtained on 240 samples examined 
during the cool months, March 31 through May 19, 
and October 27 through January 6. The mean total 
count of 216 samples taken during the warmer June 2 
through October 13 period was 58,000 per g. 

Seasonal fluctuations in total count appeared to be 
associated with the degree of control each plant operator 
exerted over processing techniques. Results of analysis 
of 606 random in-plant samples are shown in figure 2. 
No two samples came from any one lot of pies. When 
total counts were controlled satisfactorily during the 
winter, little increase in count was observed during 
the spring or summer (chicken A, figure 2). When 
very low counts were not maintained during the winter 
months, a 10-fold rise in mean counts was observed 
when the ambient temperatures increased in April and 
May (chicken B, figure 2). Bacterial contamination 
did not change greatly with season in one product 
(beef B, figure 2), yet large changes were observed in 
another product processed in the same plant (chicken 
B, figure 2). In addition, bacterial counts in one set of 
samples were similar (chicken and beef A, figure 2), yet 
the chicken and beef samples from processor B (figure 2) 
differed considerably in bacterial content. 

Several generalizations might be made on the basis 
of the above information. First, when very low counts 
were constantly maintained, seasonal influences were 
minimized. If rigid control was not constantly exercised, 
samples which possessed very high counts appeared, 
especially during the warmer months, which resulted 
in considerable increases in mean bacterial counts. 
Secondly, an in-plant quality control program appar- 
ently must include simultaneous observation of all 
products; the use of only one product as an ‘‘indica- 
tor’ of plant control may lead to erroneous conclusions. 

Day-to-day variation in total count. A study of day- 
to-day variation in bacterial counts of chicken and 
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Figure 2. Seasonal fluctuations in total counts of 606 frozen 
chicken and beef pies obtained from two processors. 
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beef pies was conducted using randomly selected pies 
on each day of the work week. Sample sizes varied 
from 16 to 43 pies. The results were subjected to anal- 
yses of variance (Snedecor, 1956) on the basis of log 
counts (table 1). In all cases the linear and quadratic 
component of daily trend in mean log count was highly 
significant while higher order components were not. 
In each case a second degree polynomial was fitted 
to the data to estimate the relationship between log 
count and days (see figure 3). The general form of the 
fitted relation is 9 = bo + bX + b.X?, where @ is the 
estimated mean log count, b is the regression coefficient 
(bo = intercept), and X is the coded day (X = 1, 2, 3, 
4, 5). 

In three of the series (beef A, beef B, and chicken 
B) the mean count showed a decrease from Monday 
to the middle of the week, and then increased as the 
end of the week approached. One series (chicken B) 
also had a strong second degree trend, but unlike the 
others, showed a peak mean count between the begin- 
ning and end of the week. It appears that a certain 
degree of contamination was obtained on the initial 
day of the work week, possibly from equipment which 
had not been adequately cleaned prior to the start of 
processing operations on Monday. Increases in counts 
during the latter days of the work week probably were 
due to microbial build-up in certain areas of the plant. 

Diurnal variation in total count. The effect. of time of 
sampling is shown in figure 4. Moderate or low total 
counts were obtained on 12 of 19 processing days 
studied. Four examples are plotted in part A of figure 
4. Dates when similar curves were obtained are listed 


TABLE 1 
Day-to-day variation of bacterial count in frozen foods: 
analyses of variance* 








Sample Source of Variation gts * ase 

Chicken A Among days 4 1.08056 
Linear and quadratic 2 | 3.10815 
Within days 103 0.28280 

Total 107 
Beef A Among days 4 0.57423 
Linear and quadratic 2 | 1.84612 
Within days 97 0.22220 

Total 101 
Chicken B Among days 4 0.93303 
Linear and quadratic 2 | 2.79164 
Within days 195 0.34138 

Total 199 
Beef B Among days 4 0.33552 
Linear and quadratic 2 1.36608 
Within days 191 0.17391 


Total 195 





* Log counts by days. 
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in the key (within parentheses) following the appropri. 
ate examples. On 9 of the 12 days shown (curves a, b, 
and d, part A, figure 4) samples taken at any time dur. 
ing the examination period were indicative of the gen- 
eral status of all pies made on those days. Nevertheless, 
there were 3 days on which moderate or low counts 
were obtained (curve c, part A, figure 4) when hourly 
sampling would have been necessary to detect con- 
siderable changes in the total counts. Frequency of 
sampling became of greater import when mean counts 
of over 80,000 per g were considered (part B, figure 4), 
In one run the high count appeared on the last sam- 
pling period. In five of the six remaining runs, samples 
taken during at least two adjacent sampling periods 
yielded mean counts which exceeded 80,000 per g. 
In only one of the six instances examined, however, 
did the high count remain for more than two consecv- 
tive sampling periods. These results indicate that hourly 
sampling would have detected the majority of high 
count product, but a large portion of the high counts 
would have been missed if samples had been taken at 
less than hourly intervals. 

As would be expected, high count pies appeared much 
less frequently when a very low count was normally 
observed. For example, of 105 samples examined to 
obtain the data plotted in one curve of figure 2 (chicken 
A), only one sample had a total count which exceeded 
80,000 per g. 

Sample-to-sample variation in total count. One major 
problem of in-plant sampling is defining what con- 
stitutes an adequate sample. Ideally, 28 to 35 pot pie 
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Figure 4B 
raigure 4. Diurnal variation of total counts in frozen chicken 
pies. (A) Days when moderate or low counts were obtained; 
(B) days when excessive counts were obtained. 


samples per line per hr should be examined (Gunderson, 
1957). Practically, a much smaller number of samples 
must suffice for routine purposes. 

To obtain a quantitative measure of the agreement, 
or lack of agreement, among the total counts obtained 
from samples taken simultaneously from the processing 
line, 117 groups of pies (three to 12 samples per group) 
were examined. An analysis was performed on the log 
counts (Snedecor, 1956), and the total variation was 
separated into variation among the groups and varia- 
tion within groups by means of the analysis of variance 
techniques as shown in table 2. 

The mean squares among pies within groups are the 
estimates for the variance of log counts of samples 
taken at the same time. The corresponding standard 
deviation was S = 0.28699, and the coefficient of 
variation was C = 6.8 per cent. 

The variation among groups of pies is considerably 
greater than that within groups, therefore, if a fixed 
number of samples is to be taken during the working 
day. Taking only one or two pies at frequent intervals 
would yield more information and give a better indica- 
tion of the bacterial quality of the product than would 
taking larger numbers of samples at wider intervals. 

The total counts are grouped in table 3 according to 
the per cent distribution of the counts observed in 
samples which were taken simultaneously from the 
processing line. Each sample was compared with each 
of the other samples in the sample group, then the paired 
combinations were tabulated on the basis of the lower 
count vs. the higher count of the pair. As shown in 


TABLE 2 


Analysis of variance for log total count of 453 groups of pies 








Degrees of 


Source of Variation Mean Square 





Freedom 
Amonpieroupe!:::.. .....22..465. 116 1.107313 
Within groups........... 336 0.082364 





TABLE 3 


Per cent distribution of total counts in frozen chicken pies 





Highest Total Count/g, Comparison 


Samples, X 10 Total 

Lowest Total Count/g, A ee No. of 
Comparison Samples, X 103) j Compar- 

<5 | 5-10 |10-20 | 20-40 40-80 pos Si) 

<5 40 | 43 | 10 6 1 0 0 129 

5-10 23 | 47 | 24 4 1 1 152 

10-20 32 | 47 9 5 7 194 

20-40 64 | 21 4 ll 160 

40-80 | 44,15 41 34 

80-160 32| 68| 22 


> 160 100 19 





386 P. A. HARTMAN AND D. V. HUNTSBERGER 


table 3, when one sample of any group had a count of 
less than 5000 per g, all other samples of the groups had 
sufficiently low counts to meet an arbitrary maximum 
of 80,000 per g. In groups in which the minimum counts 
were in the 5000 to 10,000 per g range, about 2 per 
cent of the other pies tested had counts exceeding 
80,000 per g. In like manner, when the lowest counts 
within any sample group ranged from 10,000 to 20,000 
per g, 12 per cent of the other samples had counts 
exceeding 80,000 per g. These results show that bac- 
terial counts must be maintained at a level very much 
lower than any proposed standard, or considerable 
loss of product would result. In addition, the data 
suggest that in any testing program the number of 
samples examined could be based on minimum, mean, 
and median counts, as well as maximum counts obtained 
on any lot of samples. 

Relative influence of plating errors. Although there 
was rather close agreement in total counts obtained on 
different samples which had been taken simultaneously, 
sample-to-sample variations were much greater than 
are most plating errors (Jennison and Wadsworth, 
1940). The use of duplicate plates for each dilution of 
the sample was probably unnecessary for the routine 
estimation of the bacterial content of most prepared 
frozen foods. One plate each of the 1:2.5 or 1:5, and 
1:25 or 1:50 dilutions would appear to suffice. A plate 
of the 1:250 or 1:500 dilution could be included when 
circumstances indicate. 
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SUMMARY 


A study was made of seasonal, day-to-day, diurnal, 
and sample-to-sample variations in bacterial ecunts 


[voL. 8 


obtained from commercially prepared frozen chicken 
and beef pies. Total counts were higher during the 
warm months than during the cool months; however, 
seasonal influences were minimized when very low 
counts were constantly maintained. Samples obtained 
on Mondays and on the latter days of the work week 
were generally higher in count than samples obtained 
on Tuesdays or Wednesdays. Sampling at hourly 
intervals during processing was necessary to detect 
the majority of high count product. Bacterial counts 
obtained on one product were not necessarily indicative 
of the level of bacterial contamination to be expected 
in another product produced in the same plant. 
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WATER STILLS 
Capacities from 14 to 500 gal. /hr. 
Steam, Electric or Gas Heat. 























STERILIZERS 
Pressure Steam, Gas-Steam, 

and Gas. Chambers 16” x 16”x 24” 
to 60” x 66”x 120”. 
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and you have to talk 
BIOGEN ¢ Continuous culture apparatus to American Si terilizer! 


For batch or continuous culture of pure @ Here at Amsco, sterilization is still of prime 
microorganisms in controlled conditions. concern. However, to parallel the great strides of 

ot modern biological technology, we've developed a 
number of highly specialized microbiological 
devices—all designed to do their job better with 
less personnel time and attention and at a cost 
well within practical limits. 





DRY BOX , : - 

Flexible Gim chamber. If you've a problem in this area, a letter to our 
Efficient, economical, Scientific and Industrial Department may lead 
easy to work with. to its economical resolution. 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 


FREEZE DRY APPARATUS 
Laboratory, pilot plant and 
production models. Used for the 
preservation and concentration World's largest designer and manufacturer of Sterilizers, 
of labile substances. \) Operating Tables, Lights and related biological equipment 
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Complete service, including 
flexible operating, 
rearing and transfer chamber. 





Antisera and Antigens 


Enteropathogenic Coli Klebsiella 
Salmonella Shigella 


Brucella Leptospira Streptococci 
* 
C Protein Antiserum and Standard 
* 


Infectious Mononucleosis Antigens and Standards 


Potent 
Stable 


Specific 


Descriptive literature available on request 
Specify 


DIFCO tLaporatory PRODUCTS 
BIOLOGICS CULTURE MEDIA REAGENTS 














